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1.  INTRODUCTION 


A series  of  time-dependent  air-over-ground  tactical  nuclear  environ- 
ment calculations  has  been  performed  to  assess  the  effects  of  moisture 
content  and  material  composition  in  the  air  and  ground  upon  the  predicted 
results.  The  corre’ated  Monte  Carlo  code  SAMCEP1 2 * *  was  used  to  character- 
ize the  detailed  environments.  This  code  system  has  been  under  develop- 
ment for  BRL  over  the  past  several  years  by  the  Mathematical  Applications 
Group,  Inc.  (MAGI).  The  basic  capabilities  of  SAMCEP  are  to  predict,  in 
a statistically  significant  way,  the  effects  of  perturbations  in  the  nu- 
clear properties  of  a transporting  medium,  upon  the  neutron  and  secondary 
gamma  ray  fluence  and  flux.  More  recently  its  capabilities  have  been  ex- 
panded to  include  the  effects  of  given  perturbations  upon  neutron  energy 
deposition,  gamma-ray  ionization  and  Compton  currents  for  EMP  drivers. 
These  quantities  or  related  functionals  are  needed  to  derive  requirements 
for  lethality^  and  hardening  of  tactical  Army  systems. 5 

As  a result  ^f  the  enhanced  capabilities  of  SAMCEP,  the  Harry  Dia- 
mond Laboratories^  requested  that  sensitivity  studies  be  conducted  to 
determine  the  effects  of  moisture  content  in  the  air  and  ground  and  the 
effects  of  the  differences  in  soil  composition  between  the  (Nevada  Test 
Site)  NTS  and  West  Germany  upon  the  predicted  tactical  nuclear  environ- 
ments produced  by  a nuclear  burst.  At  the  same  time,  the  HDL  employed 
the  MAGI  to  perform  a series  of  calculations  to  determine  the  energy  de- 
position and  Compton  currents,  in  standard  air  and  NTS  soil,  due  to  neu-„ 
tron  and  secondary  photon  interactions  from  low-altitude  nuclear^bursts . 
These  calculations  were  made  using  the  latest  version  of  SAM-CE.  In 
the  SAM-CE  calculations,  three  point- isotropic  sources  of  primary  neutron 
radiation  were  considered: 


iH.  Liechtenstein , H.  Steinberg , and  J.  Brooks , "The  SAMCEP  Neutron  and 
Secondary  Gamma  Code  with  Bounded  Flux- at- a Point  Estimation , " BEL  CR 
330 , Feb  1977.  (AD  #A036469) 

2 

New  York  Times  and  Washington  Post,  (comments  on  the  Effectzveness  of 
Tactical  Neutron  Bomb. 

^ DNA  EMP  (Electromagnetic  Pulse)  Handbook,  Vol.  3 - Environments  and 
Applications  (U),  Sep  1974. 

^ Private  communications  with  Mr.  William  T.  Wyatt,  HDL,  Woodbridge,  VA, 

Mar  1976. 

5M.O.  Cohen,  H.S.  Schlechter  and  H.A.  Steinberg,  "Time-Dependent  Energy 
Deposition  and  Compton  Electron  Currents  from  Three  Selected  Low-Altitude 
Bursts,"  HDL- CR- 7 6-029-1,  Aug  1976. 

Q 

M.O.  Cohen  et  al.,  "SAM-CE:  A Three-Dimensional  Monte  Carlo  Code  for 
the  Solution  of  the  Forward  Neutron  and  Forward  and  Adjoint  Gamma  Ray 
Transport  Equations  - Rev  D, " MR-702,  Oct  1973. 
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.i.  degraded  fission  weapon  at  50- in  and  1 00- in  height  of  hurst  (IIOBj 
t).  I4-Me\  source  at  a 1 00- in  HOB. 

The  energy  deposition  rates  and  Compton  electron  sources  were  deter- 
mined as  a function  of  time  in  74  radial  and  altitude  (r,z)  bins  surround- 
ing the  burst  points.  The  atmosphere  was  taken  to  be  homogeneous  at  an 

assumed  density  of  1.11  x 10  J g/cm-5.  Results  were  obtained  for  penetra- 
tions in  air  ranging  out  to  2.4  km  which  corresponds  to  a depth  of  266 
"> 

g/cra“  at  this  density. 

The  scope  of  work  within  the  All-75  program  did  not  allow  us  to  per- 
form sensitivity-effects  studies  for  all  combinations  of  HOB  and  sources 
that  were  requested.  As  a result,  one  source  height-of-burst  at  100 
metres  with  a degraded  fission  spectrum  was  considered  for  the  perturba- 
tion investigations  of  the  transport  in  moist  and  dry  air  with  the  soil 
composition  that  of  the  NTS.  Also  a 1-metre  HOB  calculation  was  performed 
with  the  same  source  spectrum  to  investigate  the  sensitivity  of  radiation 
transport  in  an  air/ground  geometry  to  the  moisture  content  in  West  Ger- 
man soil.  A by-product  of  the  above  calculations  allows  a comparison 
of  rlie  radiation  transport  over  NTS  and  West  German  soils. 

The  differential  details  of  the  quantities  calculated  include  the 
energy  dependence  of  the  neutron  fluence  as  a function  of  distance  from 
the  burst  point  at  all  directions  in  the  atmosphere.  Energy  deposition 
rates  for  both  neutrons  and  secondary  photons  are  calculated  for  times 
out  to  10  msec  in  local  time.  Local  time  is  determined  in  reference  to 
the  arrival  of  an  uncollided  photon  from  the  source. 


2.  COMPUTATIONAL  METHODS 

The  SAMCEP  correlated  stochastic  code  has  been  installed  on  the 
BMDATC  fARC)  CDC  7600  computer  in  Huntsville,  AL.  The  installation  of 
the  code  was  achieved  via  the  CDC  update  utility  routines  which  also 
facilitate  implementation  of  any  subsequent  new  developments  in  the  code. 

SAMCEP  is  a Monte  Carlo  neutron  and  secondary  gamma-ray  transport 
code  which  is  designed  to  calculate  differences  in  fluences  and  flux 
functionals,  such  as  dose,  as  a function  of  perturbations  in  the  basic 
nuclear  and  materials  input  data.  Ths  code  is  an  extension  of  the 
SAM-CE  Monte  Carlo  procedure.  The  mathematical  basis  for  this  exten- 
sion is  that  several  Monte  Carlo  problems  are  run  simultaneously  and, 
through  the  use  of  correlated  sampling,  differences  among  the  results 
of  these  problems  are  determined.  The  statistics  of  the  differences 

7 . . 

L.  Rueev  and  W.  Woolson,  "Version  2 of  Air  Transport  cf  Radiation, " DMA 
2H19F,  p.  27,  dull!  1972. 
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are  on  the  order  of  t he  statistics  of  the  problems  themselves  and  they 
are  achieved  with  very  little  time  in  excess  of  the  execution  time  for 
a single  problem  solution. 

Recently,  the  SAMCEP  code  has  had  a major  increase  in  its  capabil- 
ities: 

0 Secondary  gamma- ray  capability 

o Klein-Ni shina  scattering  algorithms 

o Algorithms  for  computing  and  storing  nonelastic  interactions 
o Banding  of  gamma-ray  cross  sections 
o Perturbation  of  gamma-ray  production  data 
o yield 

o angular  distributions 
o energy 

0 Neutron  slowing-down  in  air 

o Generation  of  a good  representation  of  the  secondary  gamma - 
ray  source  distribution  from  neutron  capture 

0 Extension  of  the  Bounded  Flux-at-a-point  estimation  (BFAP) 
o Efficient  BFAP  at  interface  between  dissimilar  media 

0 A priori  angle  biasing 

o A posteriori  angle  biasing  algorithm  has  been  changed  to  a 
more  effective  a priori  biasing  technique 

3.  DESCRIPTION  OF  THE  CALCULATIONS 

Several  series  of  Monte  Carlo  calculations  have  been  performed  with 
the  improved  version  of  SAMCEP  to  determine  the  neutron  and  secondary 
gamma-ray  fluences,  energy  deposition  rates  due  to  the  neutron  and  sec- 
ondary gamma-ray  interactions,  and  Compton  electron  currents  for  EMP 
drivers.  The  neutron  and  gamma- ray  fluences  are  generated  as  a function 
of  position  and  energy  integrated  over  all  times.  Energy  deposition  and 
EMP  drivers  are  predicted  as  a function  of  space,  energy  and  time.  Sen- 
sitivity investigations  have  been  studied  to  determine  the  differences 
in  the  above  environments  as  a function  of  the  perturbations  made  in 
the  moisture  contents  in  the  air  and  ground  and  in  the  soil  composition 
of  NTS  and  West  Germany. 
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5.1  Sources  Cons  idered 


I'lie  sources  of  neutrons  which  are  considered  in  this  study  are  the 
"S- dev  ice"  fission  spectrum  at  14  shakes  (see  figure  1],  a degraded  fis- 
sion spectrum  and  a 14-MeV  (22.4  p.J)  neutron  soutcc.  The  energy  groups 
specified  for  the  S-device  were  made  compatible  with  those  acceptable 
to  the  SAMCfP  code.  Only  the  results  of  the  calculations  for  the  de- 
graded fission  source  will  be  reported  in  this  document.  An  extensive 
effort  on  the  14-MeV  source  has  been  reported  by  ORNL  and  MAGI.  The 
S-device  fission  spectrum  at  14  shakes  is  very  similar  to  a Pu  fission 
spectrum.  The  average  energy  of  the  S-device  is  a little  higher  than 
the  average  energy  of  the  Pu  spectrum. 

A . 2 \ i r /Ground  Geometry 

The  atmosphere  was  divided  into  a cylindrical  grid  structure  for 
the  purpose  of  tallying  the  quantities  of  interest  as  a function  of  po- 
sition. Figure  2 shows  the  grid  structure  in  the  (r,z)  plane.  Ground 
level  is  the  abscissa.  Distances  are  indicated  in  the  vertical  and  hori- 
zontal direction  j,n  mean-free-paths  (mfp)  referenced  to  14-MeV  neutrons. 
\lso  mfp  in  gm/cm“  are  indicated.  In  order  to  investigate,  in  more  de- 
rail, the  behavior  of  the  interesting  quantities  at  the  air/ground  in- 
terface, regions  2,  4 and  10  are  further  subdivided  by  a finer  mesh. 

Table  1 shows  the  finer  mesh  structure.  The  mfp  for  a 14-MeV  neutroi.  ,s 
approximately  150  metres  in  normal  density  air. 

5.5  Unperturbed  Base  Cross  Sections  and  Response  Functions 

The  following  data  given  in  Table  2 is  the  neutron  and  secondary 
gamma -ray  basic  cross  section  information  for  the  transport  processes. 

The  i N'DF/B  files  listed  are  the  latest  DNA  cross  sections  as  distributed 
by  the  Radiation  Shielding  Information  Center,  ORNL,  Oak  Ridge,  TN,  or 
by  the  National  Neutron  Cross  Section  Center  at  Brookhaver.  The  average 
range  data  for  the  Compton  electrons  were  taken  from  the  work  in  Refer- 
ence 5. 

The  environmental  conditions  assumed  for  the  unperturbed  or  base  pro- 
blem ire  dry  atmosphere  at  0.328  km  (1000  ft.)  altitude  (NTS  altitude) 

with  i dens i tv  of  1.11  x 10  ^ gm/cm^.  The  composition  of  the  referenced 
atm  sphere  is  listed  in  Table  3.  Argon  is  included  only  for  the  trans- 
port  of  photons  and  the  concentrations  are  changed  accordingly. 


i ’ i k0  Aug  1975  from  HDL. 

tl.V.  Pace  III , D.E.  Bartine , F.R.  Mynatt , "Neutron  and  Secondary  lemma 
1 vg  ■■■■■■:  ••>•  lalculations  for  14-MeV  and  Fission  Neutron  Sources  in 
A'r-  ver-'lround  and  Air-Over-Seawater  Geometry ORNL  TM  4841,  8 .4.\? 
1975. 
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Figure  1.  Dynamic  HENRE  leakage  rate  spectra  of  S-device  at  4,  14  and 
36  shakes. 


I'ABLIi  1.  Additional  Subdivision  of  Selected  Regions  Near  the  Air/Cround 
1 liter  face 


Nominal  Region 

Subdivisions 

Altitude  Range 

(Region  Number ) 

(Metres J 

2 

65 

0-25 

66 

25-50 

67 

50-100 

2 

100-150 

4 

68 

0-25 

69 

25-50 

70 

50-100 

4 

100-150 

ID 

71 

0-25 

72 

25-50 

73 

50-100 

74 

100-150 

10 

150-300 

TABLE  2.  Cross  Section  Data  Base 

Neutron  Transport  and  Photon 

Element  Photon  Production  Data  Transport  Data 


0 
A 1 

Si 


DNA  4148-Mod  2 

DNA  4 1 33-Mod  4 

DNA  4 134 -Mod  2 
DNA  4 135- Mod  2 

DNA  4 151 -Mod  2 


ENDF/B 

as  disseminated 
by  RSIC 
as  Tape 
DLC-7  D 


(all  elements 
including  Argon  I 
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Compos i t ion  of  Dry  ,\ir  (p 


1 . 1 l x Id  ' gm/ cm' | 


r 


l 5. 
Nile  1 i lie 
N 
0 

Read  5 . 625  x 10 


Cone  . ( Atom/ha rn •cm ) 
3.625-5* 

9.725-6 


The  composition  of  the  ground  in  the  base  calculation  (unperturbed) 
for  the  neutron  and  photon  transport  is  given  in  Table  4.  The  Nevada 

lest  Site  and  West  Herman  soils  are  used  at  a density  of  1.7  gm/cm\ 


II 
0 
\l 
S i 
N 


TABU:  4.  Composition  of 

Dry  Soil  (p  = 1 

.7  gm/ cm Jj 

Nuc  1 i de 

Cone . 

( Atom/barn • cm ) 

NTS 

German 

II 

7.665-5 

1 . 960-5 

0 

3.5025-2 

5 . 390-2 

S 

1 . 258-2 

1 . "50-5 

A 1 

2.824-5 

1.219-2 

I'ABl.E  5.  Compositions  for 

SAMCEP  Sensitivity  Studies 

do  2°o  Moist  Air 

6 o Moist  Air 

German  Wet  Soi 1 

9. 193-7 

2.758-6 

2.151-2 

9.999-6 

1.052-5 

3 . "96-2 

1.442-3 

1 .004-2 

3.553-5 

3.407-5 

0 . 00 

18 


.3.4  Perturbations  in  the  Environmental  c.'onditions 


This  sensitivity  investigation  examines  the  effects  of  environmen- 
tal conditions  upon  the  predicted  radiation  transport  from  a nuclear 
hurst.  Two  perturbations  are  considered  interesting  from  a tactical  Army 
engagement  standpoint.  The  first  perturbation  which  is  considered  is 
the  variation  of  the  moisture  content  in  the  atmosphere  above  a ground 
composition  similar  to  that  of  the  NTS.  The  second  case  describes  the 
effects  of  the  moisture  content  in  a soil  composition  similar  to  that 
of  the  Federal  Republic  of  Germany.  For  the  second  study  a dry  atmos- 
phere above  the  ground  will  be  assumed.  Compositions  for  the  perturbed 
environments  are  listed  in  Table  5.  In  all  the  calculations  stated 
above  the  basic  nuclear  cross  section  data  are  not  changed.  Only  the 
sensitivity  of  the  nuclear  environments  to  the  quantity  and  type  of  ma- 
terial constituents  in  an  air-over-ground  geometry  is  calculated. 


3 . 5 Output  Quantities  Calculated 

The  primary  neutron  and  secondary  gamma-ray  fluences  are  obtained 
in  three  spatial  locations  along  the  ground  and  at  a 45°  angle  with  the 
ground  in  the  energy  bin  structure  shown  in  Table  6.  Total  fluences 
were  produced  from  an  integration  over  the  total  time  interval  from  0 to 
10  msec  (local  time). 

TABLE;  6.  Energy  Bin  Structure  for  SAMCEP  Sensitivity  Calculations 

Energy  (MeV) 

15.00 

12.20 

10.00 
8.  19 
6 . 36 
4.97 
4.  07 
3.01 
2.4b 
2.35 
1 .83 
1.11 
0.11 
0.0335 
0.025-6 
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The  energy  deposition  and  deposition  rates  for  the  neutrons  and  for 
four  secondary  gamma-ray  sources  are  determined  in  each  of  the  spatial 
regions.  The  time  bins  over  which  the  rates  are  predicted  are  given  in 
Table  7.  The  radial  and  polar  Compton  currents  for  the  base  problems 


rime  Bin 
1 


3 

4 

5 

6 

7 

8 
9 


10 
1 1 


12 


13 

14 

15 

16 


TABLE  7.  Time  Bin  Structure 


Time  Interval  (Local  TimejQjsec J 


0 

.1 

.215 

.464 

1. 

2.15 

4.64 

10. 

21.5 

46.4 

100. 

215. 

464. 

100Q. 

2150. 

4640. 


.1 

.215 
.464 
1 . 

2.15 
4 . 64 
10. 

21  .5 
46.4 
1 00 . 
215. 
464. 
1000. 
2150. 
4640. 

- 10,000 


are  calculated  and  reported  in  Reference  5.  The  four  components  of  the 
secondary  gamma  sources  are  as  fol lows : 

1 . Photons  generated  by  the  interaction  of  "high  energy"  neutrons 
(b  > 0.11  MeV)  in  the  air 
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r 


1 


2.  Photons  generated  by  the  interaction  of  high  energy  neutrons 
in  the  ground 

3.  Photons  generated  by  the  interaction  of  "low  energy"  neutrons 
(E  < 0.11  MeV)  in  the  air 

4.  Photons  generated  by  the  interaction  of  low  energy  neutrons  in 
the  ground. 

2 

The  units  of  the  fluences  are  neutrons  or  photons  per  eV  per  cm 
per  source  neutron.  The  units  of  energy  deposition  rates  are 

3 

CeV/cm  *sec ‘source  neutron) 


and  the  units  of  both  radial  and  polar  currents  are 

2 

(electrons/ cm  • sec ‘source  neutron) . 


4.  PRESENTATION  AND  DISCUSSION  OF  RESULTS 

4 . 1 General 

The  problems  which  are  addressed  involve  difficult  Monte  Carlo  im- 
portance sampling  strategies  and  much  help  was  gleaned  from  the  previous 
work  of  Reference  5.  Answers  are  needed  with  low  statistical  uncertain- 
ties, over  the  entire  domain  out  to  2.4  km  and  for  a long  temporal  range 
Some  of  the  techniques  used  to  ensure  adequate  solutions  include  the 
fol lowing : 

a.  A special  tracking  procedure  for  neutrons  below  the  inelastic 
threshold  and  a special  thermal  diffusion  model. 

b.  Energy  importance  sampling  to  generate  a sufficient  number  of 
high  energy  neutrons  for  the  (degraded  fission)  source. 

c.  Energy  importance  sampling  to  discriminate  against  those  low 
energy  inelastic  neutron  collisions  which  would  be  unlikely  to  generate 
secondary  gamma  radiation. 

d.  Spatial  importance  sampling  to  generate  a sufficient  number  of 
neutron  high  energy  interactions  at  shallow  penetrations  (since  the 
gamma  rays  which  they  generate  dominate  the  temporal  ranges) . 

e.  Spatial  importance  sampling  to  obtain  adequate  solutions  at  the 
deep  penetrations. 
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f.  Spatial  importance  sampling  to  "push"  a sufficient  number  of 
neutron  events  towards  the  ground  and  towards  the  special  subdivided 
volumes  shown  in  Table  1. 


g.  Directional  importance  sampling  to  discriminate  against  ground - 
generated  gamma  radiation  initially  headed  deeper  into  the  ground. 

4 . 2 100-Metre  Height-of-Burst  (HOB)  Study 

4.2.1  100-Metre  HOB  Study  for  the  Perturbation  in  the  Atmosphere 
Over  the  NTS 


The  SAMCEP  code  is  used  to  calculate  the  sensitivity  of  the 
transport  of  neutron  and  secondary  gamma-rays  through  an  atmosphere 
which  is  perturbed  by  moisture.  The  particular  case  discussed  in  this 
section  is  for  the  degraded  fission  source  at  a 100-metre  HOB  above  the 
NTS.  In  order  to  bracket  the  sensitivity  of  the  transport  of  the  neu- 
trons and  secondary  gamma  to  this  perturbation,  the  moisture  content  of 
the  air  is  varied  from  0%  (dry)  to  6%  by  volume.  Some  typical  results 
will  be  presented  in  the  succeeding  paragraphs  to  illustrate  the  trends 
of  the  data. 


Table  8 displays  the  total  neutron  fluence  as  a function  of 
distance  from  the  source  in  spatial  regions  located  on  a 45°  angle  with 
respect  to  the  ground.  The  normal  falloff  in  fluence  is  seen  as  a func- 
tion of  distance  from  the  source.  However,  the  fluence  falls  off  more 
rapidly  for  the  atmosphere  with  the  higher  water  content,  as  expected, 
because  the  hydrogen  which  is  present  thermalizes  the  neutrons  more 
quickly,  thereby  reducing  the  fluence. 


TABLE  8. 

Total 

Over 

Neutron  Fluence 
NTS 

Vs.  Distance  for  45°  Angle 

of  Elevation 

Neutron 

2 

Fluence  (Neut./cm  'Source 

Neut) 

Region 

Dry  Air 

2%  Moisture 

6°o  Moisture 

1 

2. 356E-09 

2 . 259E-09 

2 . 087E-09 

(i 

3.012E-10 

2.570E-10 

2.010E-10 

17 

5.571E-11 

4.480E-11 

2.8S0E-1 1 

■>  7 

1 . 209E-1 1 

8.670E-1 1 

4.870E-12 

31 

1.649E-12 

1.061E-12 

5.239E-13 

40 

1 . 175E-13 

6.495E-14 

2.872E-14 

48 

1 . 061E-14 

5. 343E-15 

2.281E-15 

22 


Tables  9-15  show  the  dependence  of  the  neutron  fluence  spectrum 
upon  energy  and  distance  from  the  source  for  the  energy  structure  chosen 
in  Table  6.  Again  the  effects  of  moisture  content  in  the  atmosphere  are 
apparent.  Since  region  48  is  at  approximately  14  mfp  from  the  source 
for  a 14-MeV  neutron,  the  number  of  mfp  at  this  point  for  neutrons  whose 
average  energy  is  around  1,0  MeV  is  much  higher.  Therefore,  the  stat- 
istics for  the  quantities  listed  in  Table  15  are  quite  large  for  this 
depth  of  penetration. 

In  general,  differences  in  the  effects  of  water  content  in  the  at- 
mosphere upon  the  the  transport  of  the  energy  dependent  neutrons  vary 
by  a factor  of  2 or  more  at  the  lower  energies  and  on  the  order  of  25 
percent  at  the  higher  energies. 

Tables  16-22  show  the  same  type  of  data  along  the  air/ground  in- 
terface. These  regions  are  represented  by  numbers  1,  2 (subdiv.  65), 

3,  4 Csubdiv.  68),  9,  10  (suhdiv.  71),  11  and  12. 

The  spectral  neutron  fluence  has  been  folded  with  several  dose  re- 
sponse functions,  which  are  tabulated  in  Table  23,  in  order  to  give  an 
indication  of  how  the  dose  varies  with  distance  from  the  source.  The 
units  of  the  dose  response  are  given  in  terms  of  a unit  source  strength 
of  neutrons.  Table  24  shows  the  Rad-Si  dose  as  a function  of  ground 
range  for  detectors  immediately  above  the  ground  (scoring  region  0-25m 
altitude).  Table  25  gives  the  Auxier-Snyder  tissue  dose  response  for 
the  same  positions  along  the  ground.  Tables  26  and  27  exhibit  the  Rad- 
and  tissue  dose  distributions  for  the  regions  which  are  located  at  a 45 
angle  of  elevation  out  to  distances  of  approximately  2 km.  A comparison 
between  t^e  results  shown  in  Table  27  and  some  recent  infinite  air  cal- 
culations performed  by  Science  Applications,  Inc.,  shows  excellent 
agreement  with  the  tissue  dose  in  regions  17  and  40. 

A discussion  is  now  presented  on  the  results  of  the  neutron  energy 
deposition  in  each  of  the  scoring  regions  cited  above  for  the  100-metre 
HOB  case.  The  neutron  energy  deposition  is  needed  to  infer  the  total 
ionization  and  ionization  rate  produced  by  the  neutrons  directly  as 
opposed  to  the  ionization  produced  by  subsequent  gamma  rays.  Only  the 
energy  deposition  and  deposition  rates  will  be  presented  in  this  report 
since  the  trends  produced  by  the  perturbations  in  the  Compton  currents 
are  quite  similar  and  published  elsewhere^. 

Table  28  displays  the  time- integrated  neutron  energy  deposition 
in  the  spatial  regions  located  at  a 45°  angle  of  elevation  for  the 
100-metre  HOB  source.  The  perturbation  of  the  atmosphere  considered 
for  the  energy  deposition  calculation  is  a 6%  variation  in  the  water 
content  by  volume.  The  change  is  equivalent  to  approximately  3.8°,,  var- 
iation in  the  water  content  by  weight.  The  appropriate  numbers  used 


^ Private  aommunioatione  with  Dr.  Bill  Wooleon,  SAI,  La  Jolla,  CA. 
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TABU;  9.  Energy  Dependent  Neutron  Fluence  in  Region  1 


Neutron  Fluence  Vs.  linergy 
(Neut/eV-cm  -Source  Neut ) 


linergy  (eV) 

Dry 

Ai  r 

2%  Moist  Air 

6%  Moist  Air 

1 

. 1 4995000E+08 
.2785F.+07  + 

0.00 

(0.00)* 

0.00 

(0.00) 

0.00 

(0.00) 

■> 

. 1 22 1 0000E+08 
. 22 1 0E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

.> 

. 1 0000000E+08 
. 1813E+07 

3.77 

- 18 *(1.05) 

3.76 

- 18  (1.05) 

3.74 

- 18  (1.04) 

4 

.81870000F+07 
. 1827E+07 

7.80 

- 18  (1.12) 

7.70 

- 18  (1.12) 

7.78 

- 18  (1.11) 

5 

. 63600000E+07 
. 1394E+07 

1.54 

- 17  (0.87) 

1.53 

- 17  (0 . 85  J 

1.51 

- 17  (0.82) 

6 

. 49660000E+07 
. 9000E+06 

1.85 

- 17  (1.34) 

1.83 

- 17  (1.30) 

1.80 

- 17  (1.25) 

7 

.40660000E+07 
. 1054E+07 

5.60 

- 17  (0.71) 

5.55 

- 17  (0.70) 

5.46 

- 17  (0.72) 

8 

. 301 20000E+07 
. 5460E+06 

8.42 

- 17  (1.31) 

8.29 

- 17  (1.28) 

8.05 

- 17  (1.23) 

9 

. 24660000E+07 
. 1 1 60E+06 

1.01 

- 16  (3.03) 

9.89 

- 17  (2.97) 

9.52 

- 17  (2.87) 

10 

. 23500000E+07 
. 5230E+06 

2.41 

- 16  (1.20) 

2.38 

- 16  (1.20) 

2.31 

- 16  (1.22) 

11 

. 18270000E+07 
. 7190E+06 

3.51 

- 16  (1.10) 

3.43 

- 16  (1.04) 

3.27 

- 16  (0.96) 

12 

. 1 1080000E+07 
. 5578E+06 

7.89 

- 16  (1.03) 

7.65 

- 16  (0.96) 

7.21 

- 16  (0.88) 

13 

. 55020000E+06 
.4391E+06 

1.32 

- 16  (1.00) 

1.27 

- 15  (1.04) 

1.17 

- 15  (1.21) 

14 

.1111 0000E+06 
. 1077E+06 

7.26 

- 15  (2.49) 

6.78 

- 15  (1.83) 

5.97 

- 15  (1.88) 

15 

. 53550000E+04 
. 3355E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

16 

. 25300000E-01 

t linergy  bin  width 

* Quantity  in  parenthesis  indicates  fractional  s.d.  x 100oo 

1 ft 

**  Read  as  3.77  x 10'1 
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TABU-  10.  Energy  Dependent  Neutron  Fluence  in  Region  6. 


Neutron  Fluence  Vs.  Energy 
(Neut/eV- cm L -Source  Neut ) 


2%  Moist  Air 


Energy  (eV) 

1 . 1499500E+08 

. 2785E+07 

2 . 1221000E+08 

. 22 10E+07 

3 . 1 OOOOOOE+Q8 

. 1813E+07 

4 .8J87000E+07 

.1827E+07 

5 . 6360000E+07 

. 1394E+07 

6 . 4966000E+07 

. 9000E+06 

7 . 4066000E+07 

. 10S4E+07 

8 . 301 2000E+07 

. 5460E+06 

9 . 2466000E+07 

. 1 1 60E+06 

10  . 2350000E+07 

. 5230E+06 

11  . 1827000E+07 

. 7 190E+06 

12  . 1 1 08000E+Q7 

. 5578E+06 

13  . 5502000E+06 

. 4391E+06 

14  .1111 000E+06 

. 1077E+06 

15  . 3355000E+04 

. 3355E+Q4 

16  . 2530000E-01 


Dry  Air 

0.00  (0.00) 

0.00  (0.00) 

1.94  - 19  (5.7Q) 
4.99  - 19  (3.71) 
1.18-18  (4.68) 
1.45  - 18  (3.89) 
3.22  - 18  (4.62) 
6.78  - 18  (3.25) 

9.94  - 18  (9.28) 
1.64  - 17  (5.89) 
3.57  - 17  (3.55) 
8.84  - 17  (2.81) 
2.05  - 16  (3.19) 
1.07  - 15  (5.11) 
0.00  (0.Q0) 


0.00 

(0.00) 

0.00 

(0.00) 

1.91 

- 19 

(5.68) 

4.90 

- 19 

(3.72) 

1.15 

- 18 

(4.62) 

1 .41 

- 18 

(3.69) 

3.12 

- 18 

(4.46) 

6.52 

- 18 

(3.27) 

9.52 

- 18 

(9.Q2) 

1.58 

- 17 

(5.50) 

3.28 

- 17 

(3.54) 

7.90 

- 17 

(2.68) 

1 .75 

- 16 

(3.26) 

8.54 

- 16 

(4.33) 

0.00 

(0.00) 

6%  Moist  Air 

0.00  (0.00) 

0.00  (0.00) 

1.86  - 19  (5.65) 
4.73  - 19  (3.81) 
1.09  - 18  (4.52) 
1.33  - 18  (3.59) 

2.94  - 18  (4.17) 
6.04  - 18  (3.38) 
8.59  - 18  (8.56) 
1.45  - 17  (4.97) 
2.79  - 17  (3.61) 
6.38  - 17  (2.86) 
1.36  - 16  (3.54) 
6.21  - 16  (4.21) 
0.00  (0.00) 
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TABLE  11.  Energy  Dependent  Neutron  Fluence  in  Region  17 


Energy  (eV) 
l . 14995000E+08 


Neutron  Fluence  vs.  Energy 
(Neut/eV-cm  -Source  Neut) 


Dry  Air 


2%  Moist  Air 


6%  Moist  Air 


. 2785E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

•> 

. 12210000E+08 
. 2210E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 10000000E+08 
. 1813E+07 

2.67 

- 20 

(17.66) 

2.59 

- 20 

(17.42) 

2.44 

- 20 

(16.96) 

4 

. 81870000E+07 
. 1827E+07 

7.88 

- 20 

(5.13) 

7.67 

- 20 

(5.32) 

7.26 

- 20 

(5.66) 

5 

. 63600000E  + 07 
. 1 394E+07 

1.87 

- 19 

(5.49) 

1.80 

- 19 

(4.82) 

1.66 

- 19 

(3.86) 

0 

. 49660000E+07 
. 9000E+06 

2.61 

- 19 

(8.07) 

2.50 

- 19 

(7.86) 

2.30 

- 19 

(7.56) 

7 

.40660000E+07 
. 10S4E+07 

3.73 

- 19 

(9.54) 

3.55 

- 19 

(9.44) 

3.26 

- 19 

(9.24) 

8 

. 301 20000E+07 
. 5460E+06 

1.09 

- 18 

(5.34) 

1.02 

- 18 

(5.29) 

8.83 

- 19 

( 5 . 66 ) 

9 

. 24660000E+07 
. 1160E  + 06 

1.32 

- 18 

(24.13) 

1.25 

- 18 

(22.17) 

1.13 

- 18 

(20.27) 

10 

. 23500000E+07 
. 5230E+06 

2.43 

- 18 

(10.28) 

2.27 

- 18 

(10.47) 

1.97 

- 18 

(11.51) 

1 1 

. 18270000E+07 
. 71 90E+06 

5.26 

- 18 

(5.06) 

4.58 

- 18 

(4.99) 

3.50 

- 18 

(5.53) 

12 

. 1 1080000E+07 
. 5578E+06 

1 . 53 

- 17 

(4.59) 

1.27 

- 17 

(4.31) 

8.80 

- 18 

(5.67) 

13 

. 5S020000E+06 
. 4391E+06 

3.72 

- 17 

(4.95) 

2.92 

- 17 

(4.95) 

1.92 

- 17 

(5.88) 

14 

. 1 1110000E+06 
. 1 077E+06 

1.99 

- 16 

(7.04) 

1.37 

- 16 

(4.30) 

7.47 

- 16 

(6.54) 

IS 

. 3355000E+04 
. 3S55E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

16  . 2530000E-01 
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TABLE  12. 


Energy  Dependent  Neutron  Fluence  in  Region  22 


Neutron  Fluence  Vs.  Energy 
(Neut/eV- cm  -Source  Neut) 


Dry  Air  2%  Moist  Air  6%  Moist  Air 


O.UU  (0.00) 


Energy  (eV) 


1 

. 14995000E+08 
. 2785E+07 

2 

. 12210000E+08 
. 2210E+07 

3 

. 10000000E+08 
. 1813E+07 

4 

. 81870000E+08 
. 1824E+07 

5 

. 63600000E+07 
. 1054E+07 

6 

. 49660000E+07 
. 9000E+06 

7 

. 40660000E+07 
. 1054E+07 

8 

. 301 20000E+07 
. 5460E+06 

9 

. 24660000E+07 
. 1 160E+06 

10 

.23S00000E+07 
. 5230E+Q6 

11 

. 18270000E+07 
. 5578E+06 

12 

. 1 1080000F.+07 
. 5578E+06 

13 

. 55020000E+06 
. 4391E+06 

14 

. 1 1 110000E+06 
. 1077E+06 

15 

. 33550000E+04 
. 3355E+04 

16 

. 25300000E-01 

0.00  CO. 00) 
0.00  (0.00) 


5.31  - 

21 

(19.47) 

1.83  - 

20 

(10.43) 

4.25  - 

20 

(5.85) 

6.03  - 

20 

(12.75) 

7.05  - 

20 

(8.36) 

2.08  - 

19 

(4.25) 

4.63  - 

19 

(16.10) 

5.24  - 

19 

(11.76) 

1.15  - 

18 

(6.63) 

3.31  - 

18 

(1.78) 

8.70  - 

18 

(1.84) 

4.58  - 

17 

(9.01) 

0.00  (0.00) 


0.00  (0.00) 

0.00  (0.00) 


5.08 

- 21 

(19.53) 

1.76 

- 20 

(9.72) 

4.05 

- 20 

(5.00) 

5.68 

- 20 

(12.86) 

6.70 

- 20 

(8.91) 

1.89 

- 19 

(4.13) 

4.19 

- 19 

(13.04) 

4 .12 

- 19 

(11.99) 

9.56 

- 19 

(6.82) 

2.57 

- 18 

(1.71) 

6.21 

- 18 

(2.08) 

2.97 

- 17 

(8.54) 

0.00  (0.00) 


0.00  (0.00) 

4.65  - 21  (19.69) 
1.63  - 20  (8.37) 
3.68  - 20  (4.17) 
5.03  - 20  (13.28) 
6.05  - 20  (9.66) 
1.55  - 19  (4.61) 
3.50  - 19  (17.57) 
3.85  - 19  (13.74) 
6.61  - 19  (8.21) 
1.60  - 18  (3.85) 
3.41  - 18  (2.55) 
1.37  - 17  (15.97) 
0.00  (0.00) 
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TAB  LI!  13. 


linergy  Dependent  Neutron  Fluence  in  Region  31 


Neutron  Fluence  Vs.  Energy 
(Neut/eV~ cm" -Source  Neut j 


tine 

rgy  (eV) 

Dry  Air 

2%  Moist  Air 

6% 

Moist 

Ai  r 

1 

. 14995000F+08 
. 2785E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0 

.00) 

■) 

. 12210000E+08 
. 2210E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0 

.00) 

3 

. 10000000E+08 
. 1813E+07 

8.22 

- 22 

(14.53) 

7.74 

- 22 

(14.58) 

6.88 

_ 

22 

(14.74) 

4 

.81870000E+07 
. 1827E+07 

2.87 

- 21 

(9.03) 

2.70 

- 21 

(8.36) 

2.34 

. 

21 

(7.27) 

5 

. 63600000E+07 
. 1394E+07 

7.59 

- 21 

(5.22) 

7.09 

- 21 

(4.45) 

6.17 

_ 

21 

(4.17) 

6 

. 49660000E+07 
. 9000E+06 

1.24 

- 20 

(6.85) 

1.  14 

- 20 

(6.16) 

9.61 

_ 

21 

(6.22) 

7 

. 40660000E+07 
. 1054E+07 

8.86 

- 21 

(1.97) 

8.33 

- 21 

(2.14) 

7.30 

_ 

21 

(6.45) 

8 

. 301 20000E+07 
. 5460E+06 

2.66 

- 20 

(9.63) 

2.34 

- 20 

(10.05) 

1.94 

_ 

20 

(11.29) 

9 

. 24660000E+07 
. 1 160E+06 

5.24 

- 20 

(11.03) 

4.63 

- 20 

(12.14) 

3.72 

_ 

20 

(16.51) 

10 

. 23500000E+07 
. 5230E+06 

7.00 

- 20 

(8.01) 

5.85 

- 20 

(6.73) 

4.15 

_ 

20 

(5.50) 

11 

. 18270000E+07 
.7190E+06 

1.26 

- 19 

(6.21) 

9.84 

- 20 

(6.59) 

6.42 

- 

20 

(7.78) 

12 

. 11080000E+07 
. 5578E+06 

5.88 

- 19 

(4.85) 

2.83 

- 19 

(3.75) 

1.61 

_ 

19 

(2.77) 

13 

. 55020000E+06 
. 4391E+06 

1.14 

- 18 

(3.11) 

7.82 

- 19 

(2.45) 

3.88 

- 

19 

(4.19) 

14 

. I1110000E+06 
. 1 077E+06 

6.93 

- 18 

(6.57) 

3.76 

- 18 

(5.93) 

1.40 

- 

18 

(10.68) 

15 

. 3355000E+04 
. 3355E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

16 

. 2530000E-01 
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TABLE  14.  Energy  Dependent  Neutron  Fluence  in  Region  40 


Neutron  Fluence  Vs.  Energy 
(Neut/eV -cni  -Source  Neut) 


Energy  (eV) 

Dry  Air 

2%  Moist  Air 

6% 

Moist  Air 

1 

. 14995000E+08 

7 

. 2785E+07 

. 12210000E+08 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 2210E+07 

. 10000000E+08 

0.00 

(0.00 

A 

s 

0.00 

(0.00) 

0.00 

(0.00) 

4 

. 1813E+07 

. 81870000E+08 

6.24 

- 23 

(27.25) 

5.75 

- 23  (27.41) 

4.92 

- 23  (27.76) 

5 

. 1827E+07 

. 63600000E+07 

3.23 

- 22 

(9.50) 

2.89 

- 22  (9.30) 

2.33 

- 22  (9.02) 

6 

. 1054E+07 

. 49660000E+07 

6.63 

- 22 

(8.  lt>) 

5.87 

- 21  (7.37) 

4.61 

- 22  (6.09) 

7 

. 9000E+06 

.40660000E+07 

1.10 

- 21 

(12.62) 

1.00 

- 21  (9.84) 

8.11 

- 22  (7.83) 

8 

. 1054E+07 

. 30120000E+07 

9.09 

- 22 

(18.01) 

7.79 

- 22  (15.32) 

5.72 

- 22  (11.94) 

9 

. 5460E+06 

. 24660000E+07 

2.24 

- 21 

(15.63) 

1.93 

- 21  (13.53) 

1 .40 

- 21  (10.81) 

1 0 

. 1160E+06 

. 23500000E+07 

3.99 

- 21 

(19.01) 

3.22 

- 21  (20.01) 

2.11 

- 21  (22.07) 

1 1 

. 5230E+06 

. 18270000E+07 

4.66 

- 21 

(10.71) 

3.54 

- 21  (11.29) 

2.13 

- 21  (11.14) 

12 

. 5578E+06 

. 11080000E+Q7 

8.63 

- 21 

(17.37) 

6.26 

- 21  (17.28) 

3.43 

- 21  (17.29) 

13 

. 5578E+Q6 

. 55020000E+06 

2.69 

- 20 

(11.37) 

1.69 

- 20  (12.40) 

7.52 

- 21  (15.25' 

14 

.4391E+06 

.111 10000E+06 

8.20 

- 20 

(5.14) 

4.36 

- 20  (7.11) 

1.80 

- 20  (20.03) 

15 

. 1077E+06 

. 33550000E+04 

4.98 

- 19 

(12.40) 

2.36 

- 19  (11.96) 

8.85 

- 20  (22.16) 

16 

. 3355E+04 

. 25300000E-01 

0.0Q 

(O.OQ) 

0.00 

(0.00) 

0.00 

(0.00) 
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TABLE  15. 


Energy  Dependent  Neutron  Fluence  in  Kegion  48 


Neutron  Fluegce  Vs.  Energy 
(Neut/eV-cin  -Source  Neut) 


Energy  (eV) 

Dry 

Air 

2%  Moist  Air 

6%  Moist  Ai r 

1 

. 14995000E+08 
. 2785E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

“ 

. 1221000QE+Q8 
. 2210E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 10000000E+08 
. 1813E+07 

9.43 

- 24  (70.93) 

8.48 

- 24  (70.70) 

6.88 

- 24  (70.20) 

4 

. 81870000E+08 
. 1827E+07 

2.91 

- 23  (22.21) 

2.52 

- 23  (22.21) 

1.87 

- 23  (22.23) 

5 

. 63600000E+07 
. 1054E+07 

7.57 

- 23  (38.11) 

6.28 

- 23  (37.30) 

4.34 

- 23  (35.81) 

0 

. 49660000E+07 
. 9000E+06 

1 .49 

- 22  (38.12) 

1.26 

- 22  (38.03) 

8.89 

- 23  (39.03) 

7 

. 40660000E+07 
. 1054E+07 

7.64 

- 23  (39.20) 

7.43 

- 23  (37.16) 

5.81 

- 23  (41 .95) 

8 

. 301 20000E+07 
. 5460E+06 

2.00 

- 22  (37.46) 

1.67 

- 22  (30.14) 

1.06 

- 22  (25.42) 

9 

. 24660000E+07 
. 1 160E+06 

7.57 

- 22  (32.03) 

6.04 

- 22  (23.44) 

3.67 

- 22  (19.86) 

10 

. 23500000E+07 
. 5230E+06 

5.15 

- 22  (54.93) 

4.44 

- 22  (46.54) 

2.70 

- 22  (42.26) 

11 

. 18270000E+07 
. 7190E+06 

5.01 

- 22  (33.68) 

5.56 

- 22  (38.10) 

4.24 

- 22  (44.30) 

12 

. 1108Q000E+07 
. 5578E+06 

1.29 

- 21  (32.78) 

8.56 

- 22  (20.02) 

4.64 

- 22  (34.02) 

13 

. 55020000E+06 
. 4391E+06 

6.02 

- 21  (25.56) 

3.04 

- 21  (20.99) 

1.08 

- 21  (58.98) 

14 

. 1111Q000E+06 
. 1077E+06 

5.59 

- 20  (39.66) 

2.27 

- 20  (21.21) 

7.01 

- 21  (49.82) 

15 

. 33550000E+04 
. 3355E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

16 

. 25300000E-01 
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TABLE  16. 

Energy  Dependent  Neutron  Fluence  in  Region 
(Subdivision  65) 

Neutron  Fluence  Vs.  Energy 
(Neut/eV.cm  -Source  Neut) 

2 

Energy  (eV) 

Dry  Air 

2%  Moist  Air 

6%  Moist  Air 

1 

. 14995000E+08 
. 2785E+07 

0.00  (0.00) 

0.00 

(0.00) 

0.00  (0.00) 

2 

. 12210000E+08 
. 2210E+07 

0.00  (0.00) 

0.00 

(0.00) 

0.00  (0.00) 

3 

. 10000000E+08 
. 1813E+07 

2.58  - 19  (6.25) 

2.55 

- 19  (6.15) 

2.47  - 19  (5.98) 

4 

. 81870000E+Q8 
. 1827E+07 

6.15  - 19  (5.53) 

6.02 

- 19  (5.51) 

5.81  - 19  (5.50) 

5 

.63600000E+07 
. 1394E+07 

1.27  - 18  (5.76) 

1.24 

- 18  (5.71) 

1.18  - 18  (5.64) 

6 

. 49660000E+07 
. 9000E+Q6 

1.92  - 18  (6.84) 

1.86 

- 18  (6.71) 

1.77  - 18  (6.53) 

7 

. 40660000E+07 
. 1054E+07 

3.68  - 18  (3.92) 

3.60 

- 18  (3.79) 

3.47  - 18  (3.69) 

8 

. 30120000E+07 
. 5460E+06 

8.05  - 18  (4.43) 

7.79 

- 18  (4.36) 

7.32  - 18  (4.41) 

9 

. 24660000E+07 
, 1160E+06 

1.22  - 17  (15.99) 

1.16 

- 17  (15.59) 

1.06  - 17  (14.87) 

10 

. 235QQQ00E+07 
. 523QE+06 

1.79  - 17  (4.94) 

1.71 

- 17  (5.11) 

1.55  - 17  (5.44) 

11 

. 18270000E+07 
. 7190E+06 

3.62  - 17  (5.06) 

3.40 

- 17  (4.87) 

3.00  - 17  (4.80) 

12 

. 11080000E+07 
. 5578E+06 

9.58  - 17  (3.31) 

8.88 

- 17  (3.13) 

7.68  - 17  (3.42) 

13 

. 55020000E+06 
. 4391E+06 

2.02  - 16  (3.45) 

1.81 

- 16  (3.21) 

1.50  - 16  (3.60) 

14 

. 11110000E+06 
. 1077E+06 

9.32  - 16  (8.26) 

8.53 

- 16  (6.18) 

6.88  - 16  (5.29) 

15 

. 33550000E+04 
. 3355E+04 

0.00  (0.00) 

0.00 

(0.00) 

0.00  (0.00) 

16 

. 25300000E-01 
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TABLE  17.  Energy  Dependent  Neutron  Fluence  in  Region  3 

Neutron  Fluence  Vs.  Energy 
(Neut/eV- cm  -Source  NeutJ 


Energy  (eV) 

1 

. 14995000E+08 
. 2785E+07 

■V 

.1221 0000E+Q8 
. 2210E+07 

. 10000000E+08 
. 1813E+07 

4 

. 8 1 870000E+08 
. 1827E+07 

5 

. 63600000E+07 
. 1394E+07 

(> 

. 49660000E+07 
. 9000E+06 

7 

. 40660000E+07 
. 1054E+07 

8 

. 30120000E+07 
. 5460E+06 

9 

. 24660000E+07 
. 1160E+06 

10 

. 25500000E+07 
. 5230E+06 

1 1 

. 18270000E+07 
. 7 190E+06 

12 

. 1 1080000E+07 
. 5578E+06 

13 

. 55020000E+06 
. 4391E+06 

14 

.111 10000E+06 
. 1077E+06 

1 5 

. 33550000E+04 
. 3355E+04 

16 

. 25300000E-01 

Dry  Air 

0.00  (0.00) 

0.00  (0.00) 

5.51  - 20  (6.79) 

1.58  - 19  (6.60) 

3.63  - 19  (3.45) 

5.23  - 19  (7.32) 

8.59  - 19  (6.76) 

2.23  - 18  (5.68) 
4.11  - 18  (14.73) 

4.63  - 18  (8.53) 

9.64  - 18  (5.64) 

2.52  - 17  (4.31) 

5.73  - 17  (3.93) 

3.10  - 15  (6.81) 

0.00  (0.00) 


2%  Moist  Air 

0.00  (0.00) 

0.00  (0.00) 

5.44  - 20  (6.68) 

1.53  - 19  (6.33) 

3.50  - 19  (3.51) 

4.97  - 19  (7.23) 

8.18  - 19  (6.63) 

2.09  - 18  (5.50) 

3.77  - 18  (14.53) 

4.33  - 18  (8.17) 

8.88  - 18  (5.42) 

2.24  - 17  (4.13) 

4.81  - 17  (2.83) 

2.42  - 16  (4.00) 

0.00  (0.00) 


6%  Moist  A i r 

0.00  (0.00) 

0.00  (0.00J 
5.31  - 20  (6.56) 
1.46  - 19  (5 . 88  j 
3.26  - 19  (3.72j 

4.49  - 19  r.rj 

7.45  - 19  (6.51  < 

1.8C  - 18  (5.19) 

3.20  - 18  ( 14.  It 

3.78  - 18  (7.69 j 

7.52  - 18  (5.19) 

1.76  - 1'  (4.59) 

3.55  - 17  (4.161 

1.69  - 16  (6.19) 

0.00  (0.00)) 
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I ABLE  18.  Energy  Dependent  Neutron  Fluence  in  Region  4 
(Subdivision  68) 


Neutron  Fluence  Vs.  Energy 
(Neut/eV-cm  .Source  Neut) 


Energy  (eV) 

Pry  - 

Air 

2%  Moist  Air 

6%  1 

'foist  Air 

1 

. 14995Q00E+08 
. 2785E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

2 

. 12210000E+08 
. 2210E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 1 OOOOOOOE+08 
. 1813E+07 

1.62 

- 20  (28.44) 

1.57 

- 20  (28.15) 

1.47 

- 20  (27.59) 

4 

. 81 870000E+08 
. 1827E+Q7 

5.19 

- 20  (18.49) 

4.95 

- 20  (18.32) 

4.50 

- 20  (17.97) 

5 

. 63600000E+07 
. 1394E+07 

9.71 

- 20  (12.39) 

9.28 

- 20  (12.27) 

8.50 

- 20  (12.31) 

6 

. 49660000E+07 
.9000E+06 

1.58 

- 19  (18.74) 

1 .48 

- 19  (18.00) 

1.30 

- 19  (16.66J 

7 

.40660000E+07 
. 1054E+07 

1.66 

- 19  (18.38) 

1.56 

- 19  (17.62) 

1.38 

- 19  (16.62) 

8 

. 30120000E+07 
. 5460E+06 

5.19 

- 19  (10.25) 

4.72 

- 19  (9.83) 

3.93 

- 19  (9 . 18 J 

9 

. 24660000E+07 
. 1 160E+06 

9.99 

- 19  (28.13) 

9.16 

- 19  (25.63) 

7.89 

- 19  (22.41) 

10 

. 23500000E+07 
.5230E+06 

9.19 

- 19  (16.59) 

8.66 

- 19  (14.79) 

7.63 

- 19  (13.92) 

11 

. 18270000E+07 
. 7190E+06 

2.07 

- 18  (7.25) 

1.87 

- 18  (7.24) 

1.51 

- 18  (8.77) 

12 

. 1 1080000E+07 
. 5578E+06 

6. 26 

- 18  (6.13) 

5.34 

- 18  (5.66) 

3.86 

- 18  (9.16) 

13 

. 55020000E+06 
. 4391E+06 

1 .40 

- 17  (6.49) 

1.11 

- 17  (7.27) 

6.99 

- 18  (9.29) 

14 

. 11  110000E+06 
. 1077E+06 

5.96 

- 17  (10.17) 

5.58 

- 17  (13.50) 

3.28 

- 17  (13.39) 

15 

. 33550000E+04 
. 3355E+04 

0.Q0 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

16 

. 25300000E-01 
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CABLE.  19.  Energy  Dependent  Neutron  Fluence  In  Region  9 


Neutron  Fluence  Vs.  Energy 
(Neut/eV-cm  -Source  Neut  J 


linergy  (eV  j 

Dry  Air 

2%  Moist  Air 

61 

Moist  Air 

1 

. 1499500011+08 
. 2785E+07 

0 . 00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

- 

. 12210000E+08 
.221011+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 10000000E+08 
.181311  + 07 

2.51 

- 21 

(7.55) 

2.41 

- 21  (7.44) 

2.21 

- 21  17.22) 

-1 

. 8 1 870000E+08 
.182711  + 07 

1 . 14 

- 20 

(7.53) 

1 . 10 

- 20  (7.39) 

1.03 

- 20  (7.13) 

5 

. 63600000E+07 
. 1 054F.+07 

2.61 

- 20 

(8.32) 

2.50 

- 20  (8.85) 

2.28 

- 20  (9.76) 

0 

. 49660000E+07 
. 9000E+06 

4.28 

- 20 

(4.40) 

3.99 

- 20  (4.49) 

3.46 

- 20  (4.89) 

. 40660000E+07 
. 10S4E+07 

4.08 

- 20 

(3.91) 

3.75 

- 20  (3. 10) 

3.18 

- 20  (2.43) 

s 

. 30 1 20000E+07 
. 5460E+06 

1.15 

- 19 

(6.38) 

1.03 

- 19  (6.64) 

8.29 

- 20  (6.97) 

9 

. 24660000E+07 
. 1 160E  + 06 

2.61 

- 19 

(16.37) 

2.34 

- 19  (14.28) 

1.86 

- 19  (12.00 

10 

. 23500000E+07 
. 5230E+06 

3.03 

- 19 

(8.56) 

2.64 

- 19  (7.81) 

2.02 

- 19  (8.28) 

1 1 

. 18270000E+07 
. 7 1 90E+06 

5.43 

- 19 

(4.12) 

4.62 

- 19  (4.84) 

3.38 

- 19  (7.96) 

i: 

. 1 1080000E+07 
. 5578E+06 

1.50 

- 18 

(4.12) 

1.17 

- 18  (3.44) 

7.52 

- 19  (2.92) 

13 

. 55020000E+06 
. 4391E+06 

4.15 

- 18 

(4.63) 

2.92 

- 18  (4.16) 

1.61 

- 18  (4.04) 

14 

. 1 1 1 100Q0E+06 
. 1077E+06 

2.23 

- 17 

(3.38) 

1.35 

- 17  (4.19) 

6.48 

- 18  (6.88) 

13 

.3355000011+04 
. 5355E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

16  . 25300000E-01 
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Energy  Dependent  Neutron  Fluence  in  Region  10 
(Subdivision  71) 

Neutron  Fluence  Vs.  Ene’ jy 

(Neut/eV-an  -Source  Neut) 

Dry  Air  2%  Moist  Air  6%  Moist  Air 

0.00  (O.OOj 


TABLE  20. 


Energy  (eV) 

1 

. 1 4995000E  + 08 
. 2785F.+07 

■> 

. 12210000E+08 
. 2210E+07 

3 

. 1 0000000E+08 
. 1813E+07 

4 

. 8 1 870000E+08 
. 1 827E+07 

5 

. 63600000E+07 
. 1054E+07 

6 

. 49660000E+07 
. 9000E+06 

7 

. 406600Q0E+07 
. 1054E+07 

8 

. 301 20000E+07 
. 5460E+06 

9 

. 24b60000E+07 
. 1 1 60E+06 

10 

. 23500000E+07 
. 5230E+06 

11 

. 18270000E+07 
. 7190E+06 

12 

. 1 1080000E+07 
. 5578E+06 

13 

. 55020000E+06 
. 4391E+06 

14 

. 11110000E+06 
. 1077E+06 

15 

.33550000E+04 
. 3355E+04 

16 

. 25300000E-01 

0.00  (0.00) 

0.00  (0.00) 

1.80  - 22  (66.44) 

1.33  - 21  (22.01) 
2.78  - 21  (4. 65) 
5.20  - 21  (9.04) 
3.12  - 21  (8.16) 

9.40  - 21  (13.03) 

1.29  - 29  (29.70) 
1.75  - 20  (17.95) 

4.34  - 20  (11.23) 
1.27  - 19  (20.99) 

2.40  - 19  (10.05) 

1.30  - 18  (24.24) 

0.00  (0.00) 


0.00  (0.00) 

0.00  (0.00) 

1.66  - 22  (66.45) 
1.24  - 21  (21.54) 
2.58  - 21  (4.99) 

4.86  - 21  (6.85) 
2.81  - 21  (5.78) 
8.07  - 21  (13.81) 

1.30  - 20  (27.46) 
1.47  - 20  (12.06) 
3.20  - 20  (10.02) 
9.28  - 20  (18.01) 

1.86  - 19  (9.00) 
8.11  - 19  (22.12) 
0.00  (0.00) 


0.00 

(O.OOj 

1.42 

- 22 

(66 .46) 

1.08 

- 21 

(20.68) 

2.21 

- 21 

(6.84) 

4.21 

- 21 

(4.45) 

2.28 

- 21 

(9.86) 

6.06 

- 21 

( 15 . 8") 

1.23 

- 20 

( 34 . 06 ) 

1.02 

- 20 

C .54) 

1.80 

- 20 

113.21) 

5.03 

- 20 

(16.91) 

8.28 

- 20 

(4.07) 

3.81 

- 19 

(10.0") 

0.00 

(0.00) 
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IABl.E  I . Energy  Dependent  Neutron  Eluence  in  Region  11 


Neutron  l lue^ce  Vs.  Energy 
(Neat/ eV- cm  -Source  Neut 1 


linergy  (eV) 

Dry  . 

Air 

1 

. 1 49950000+08 
.278511+07 

0.00 

(0.00) 

- 

. 12210000E+08 
.221011+07 

0.00 

(0.00) 

5 

. 1000000011+08 
. 1813E+07 

7.50 

- 23  (19.83) 

4 

. 8 1870000E+08 
.182711  + 07 

2.57 

- 22  (12.67) 

5 

. 63600000E+07 
. 1394E+07 

7.96 

- 22  (9.91) 

0 

. 49660000E+07 
.900011+06 

1 .62 

- 21  (13.51) 

. 40660000E+07 
. 1054F.+07 

7.61 

- 22  (8.35) 

8 

. 301 20000E+07 
. 5460E+06 

2.38 

- 21  (4.96) 

9 

. 24660000E+07 
. 1160E+06 

3.73 

- 21  (21.81) 

10 

. 23500000E+07 
. 5230E+06 

5 . 36 

- 21  (13.38) 

1 1 

. 1 8270000E+07 
. 7 1 90E+06 

9.69 

- 21  (17.48) 

12 

. 1 1080000E+07 
. 5578E+06 

2.45 

- 20  HO. 22) 

13 

. 55020000E+06 
.4591 E+06 

6.26 

- 20  (7.38) 

14 

.111 1 0000E+06 
. 1077E+06 

3.22 

- 19  (7.15) 

IS 

. 53550000E+04 
. 3355E+04 

0.Q0 

(0.00) 

16 

. 25300000E-01 

2%  Moist 

Air 

6% 

Moist 

Air 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

6.89 

- 23 

(19.23) 

5.84 

- 23 

(17.93) 

2.37 

- 22 

(12.01) 

2.02 

- 22 

( 10.85) 

7.28 

- 22 

(9-62) 

6.11 

- 21 

(9.45) 

1 .42 

- 21 

(13.16) 

1.10 

- 21 

( 12.85) 

6.89 

- 22 

(7.15) 

5 . 66 

- 22 

(7.37) 

2.02 

- 21 

(4.98) 

1.50 

- 21 

( 7 . 35 ) 

3.28 

- 21 

(23.90) 

2.53 

- 21 

(25.72) 

4.60 

- 21 

(12.46) 

3 . 32 

- 21 

( 14.97) 

7.33 

- 21 

(16.35) 

4.27 

- 21 

( 16.70) 

1.68 

- 20 

(10.11) 

8.11 

- 21 

( 10.53) 

3.82 

- 20 

(8.65) 

1.84 

- 20 

(14. IS) 

1.78 

- 19 

(8.49) 

6.79 

- 20 

( 19.86) 

0.00 

(0.00) 

0.00 

(0.001 
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TABLE  22.  Energy  Dependent  Neutron  Fluence  in  Region  12 


Neutron  Fluence  Vs.  Energy 
(Neut/eV-cm  -Source  Neut J 


Energy  (eV) 

Dry 

Air 

2%  1 

Moist  Air 

6%  i 

Moist  Air 

1 

. 14995000E+08 
. 2785E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

. 12210000E+08 
. 221 0F.+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 10000000E+08 
. 1813E+07 

1.50 

- 23  (35.56) 

1.36 

- 23  (35.46) 

1.14 

- 23  (35.33) 

4 

.81870000E+08 
. 1827E+07 

5.07 

- 23  (17.99) 

4.54 

- 23  (17.16) 

3.65 

- 23  (15.75) 

5 

. 63600000E+07 
. 1394E+07 

1 .44 

- 22  (17.68) 

1.31 

- 22  (16.80) 

1.07 

- 22  116.23) 

6 

. 49660000E+07 
. 9000E+06 

3 . 36 

- 22  (12.62) 

2.77 

- 22  (12.02) 

1.88 

- 22  (11.89) 

7 

.40660000E+07 
. 1054E+07 

2.33 

- 22  (17.09) 

1.87 

- 22  (16.30) 

1.25 

- 22  (16.83) 

8 

. 30120000E+07 
. 5460E+06 

3.23 

- 22  (18.66) 

2.57 

- 22  (19.53) 

1.73 

- 22  (21.99) 

9 

. 24660000E+07 
. 1160E+06 

1.27 

- 21  (31.95) 

1.17 

- 21  (33.72) 

8.89 

- 22  (37.71) 

10 

. 23500000E+07 
. 5230E+Q6 

1.24 

- 21  (31.31) 

1.08 

- 21  (29.42) 

7.67 

- 22  (29.82) 

1 1 

. 18270000E+07 
. 7190E+06 

1.67 

- 21  (29.85) 

1.14 

- 21  (29.49) 

5.71 

- 22  (31 .05) 

12 

. 1 1080000E+07 
. 5578E+06 

3.74 

- 21  (17.05) 

2.37 

- 21  (20.35) 

1.20 

- 21  (33.74) 

13 

. 55020000E+06 
.4391E+06 

8.15 

- 21  (10.26) 

4.13 

- 21  (12.72) 

1.61 

- 21  (25.67) 

14 

. 11110000E+06 
. 1077E+06 

6.41 

- 20  (23.54) 

2.07 

- 20  (28.45) 

8.97 

- 21  (51.14) 

15 

. 33550000E+04 
. 3355E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

16 

. 25300000E-01 
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TABI.Ii  23.  linergy  Dependent  Dose  Response  Functions 


1 


linergy  (eV) 

Rad-Si 

Neut/cnT 

Auxier-Snyder  Tissue  i 

|Rad/  (Neut/cnT.)  J 

1 

. 14995Q00E+08 
. 2785E+07 

0.86  - 9 

0.761  - 8 

1 

. 12210000E+08 
. 2210E+07 

0.99  - 9 

0.668  - 8 

3 . 

. 1 0000000E+08 
. 1813E+07 

0.81  - 9 

0.616  - 8 

4 

. 8 1 870000E+07 
. 1827E+07 

0.55  - 9 

0.587  - 8 

5 

.63600000E+07 
. 1394E+07 

0.16  - 9 

0.556  - 8 

6 

. 49660000E+07 
. 9000E+06 

0.90  - 10 

0.515  - 8 

"7 

. 40660000E+07 
. 1 054E+07 

0.54  - 10 

0.455  - 8 

8 

. 301 20000E+07 
. 5460E+06 

0.36  - 10 

0.403  - 8 

9 

. 24660000E+07 
. 1160E+06 

0.30  - 10 

0.383  - 8 

10 

. 23500000E+07 
. 5230E+06 

0.27  - 10 

0.374  - 8 

1 1 

. 18270000E+07 
. 7190E+06 

0.21  - 10 

0.352  - 8 

12 

. 11080000E+07 
. 5578E+06 

0.17  - 10 

0.292  - 8 

13 

. 55020000E+06 
. 4391E+06 

0.14  - 10 

0.147  - 8 

14 

. 11110000E+06 
. 1077E+06 

0.00 

0.521  - 9 

15 

. 33550000E+04 
. 3355E+04 

0.00 

0.495  - 9 

16  . 25300000E-01 
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in  this  calculation  for  the  different  concentrations  are  cited  in  tables 
3,  4 and  5.  Only  the  atmosphere  is  perturbed  and  the  soil  composition 
for  this  case  is  that  of  the  NTS. 


TABl.b  28.  Neutron  Energy  Deposition  as  a function  of  Distance  Along 
the  45°  Angle  of  novation  from  the  Source 

Energy  Deposition  (eV/cm'^  •Source  Ncut . J 


SAM- CD  SAMChP  SAMCF.P 


legion 

(Dry 

Air) 

(Dri 

r Air) 

( b°<>  Mo  i s t 

Air) 

1 

1 .89 

- 8 

1.89 

- 

8 (<n* 

2.55  - 

8 

b 

1.95 

- 9 

1.89 

- 

9 (2) 

2.04  - 

8 

17 

3.40 

- 10 

3.21 

- 

10(2) 

2.83  - 

10 

22 

7.28 

- 11 

7.55 

- 

11  (b) 

5.52  . 

11 

31 

9.45 

- 12 

9 . b7 

- 

12  (3) 

b . 37  - 

12 

40 

b . 74 

- 13 

5.89 

- 

13  (b) 

5.54  - 

13 

48 

4.58 

- 14 

6 . 03 

- 

14  (20) 

3.  14  - 

14 

t 

Relative 

error  is  indicated 

in  the 

parentheses . 

The  moist  a 

ip  ■ 

have  relative  error  comparable  to  the  d>"j  air  resume. 


The  trend  in  the  data  of  Table  28  indicates  that  the  hydrogen  con- 
tent in  the  atmosphere  induces  a larger  energy  deposition  than  the  dry 
air  for  the  portion  of  the  transport  which  is  close  to  the  source.  The 
energy  deposited  is  approximately  the  same  around  region  17  (450mJ  for 
both  dry  and  moist  air  with  the  energy  deposition  subsequently  lower  for 
moist  air  as  the  range  increases.  The  results  from  SAM-CE  show  excel- 
lent agreement. 

Table  29  gives  the  neutron  energy  deposition  for  the  regions  immed- 
iately above  the  ground  and  the  trends  are  quite  similar  to  those  of  the 
previous  data.  Table  30  shows  the  energy  deposition  rates  in  Region  1 
as  a function  of  the  local  time  bins  given  in  Table  7.  The  SAMCEP  moist 
air  results  show  that  at  very  early  times  many  high  energy  neutrons  have 
collided  with  hydrogen  and  they  are  rapidly  depositing  energy  in  the 
region  close  to  the  source.  At  later  times,  the  deposition  rate  slows 
because  the  neutrons  have  lost  most  of  their  energy.  Table  31  exhibits 
the  time  dependence  of  the  deposition  for  Region  31,  farther  out  from 
the  source  and  along  the  45°  angle-of-elevation  line. 
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ABLE  29.  Neutron  Energy  Deposition  as  a Function  of  Distance  Along  the 
Ground  From  the  Source. 


3 


Energy  Deposition  (eV/cm'  vSourcc  Ncut . J 


SAM-CE  SAMCEP  SAMCEP 


Region 

( Di 

■y  Air) 

(Dry 

Air) 

( 6 % Moist 

Ai 

1 

1. 

,89 

- 8 

1, 

.89 

- 8 

(<1) 

2, 

.55  - 

8 

2(subdiv 

65) 

2. 

,07 

- 9 

2. 

,07 

- 9 

(4) 

2, 

.45  - 

9 

3 

5. 

,66 

- 10 

5, 

,66 

- 10 

(4) 

6, 

.04  - 

10 

4(subdiv 

68) 

1. 

,21 

- 10 

1. 

,37 

- IQ 

(6) 

1, 

,29  - 

10 

9 

3. 

,54 

- 11 

3, 

,54 

- 11 

(5) 

2, 

.51  - 

11 

1 0(subdiv 

71) 

2 . 

38 

- 12 

2, 

.43 

- 12 

(U) 

1, 

.52  - 

12 

11 

6. 

16 

- 13 

6, 

,03 

- 13 

(8) 

3, 

.93  - 

13 

12 

8. 

,14 

- 14 

1. 

,05 

- 13 

(17) 

5 

.89  - 

14 

13 

1. 

,90 

- 14 

1. 

,54 

- 14 

(23) 

8, 

.25  - 

15 

TABLE  30.  Neutron  Energy  Deposition  Rate  in  Region  1 

3 

Energy  Deposition  Rate  (eV/sec«cm  •Source  Neut.) 


Time  Bin  (usee) 
(local  time) 

SAM-CE 
(Dry  Air) 

SAMCEP 
(Dry  Air) 

SAMCEP 

(6%  Moist  Air) 

0.0  - 0.100  - 5 

2.17  - 3 

2.17  - 

3 

(1) 

3.11  - 

3 

- 0.215  - 5 

2.08  - 3 

1.98  - 

3 

(2) 

2.83  - 

5 

- 0.464  - 5 

1.00  - 3 

1.51  - 

3 

(2) 

2.17  - 

3 

- 0.100  - 4 

8.11  - 4 

8.Q2  - 

4 

(<1) 

1.13  - 

3 

- 0.215  - 4 

2.83  - 4 

2.55  - 

4 

(2) 

3.58  - 

4 

_ 0.464  - 4 

7.92  - 5 

7.55  - 

5 

(2) 

9.43  - 

5 

- 0.100  - 3 

1.70  - 5 

1.70  - 

5 

(3) 

1.79  - 

5 

- 0.215  - 3 

2.83  - 6 

2.55  - 

6 

(4) 

1.79  - 

6 
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TABLE  31.  Neutron  Energy  Deposition  Kate  in  Region  31 


linergy  Deposition  Rate  (eV/  sec  •cm5. 

•Source  Neut.) 

lime  Bin  (psec) 
(local  time) 

SAM-CE 

IDry  Air) 

SAMCEP 
(Dry  Air) 

SAMCEP 

(6%  Moist  AirJ 

0.0  - 0.100  - 5 

0 

0 

0 

- 0.215  - 5 

0 

0 

0 

- 0.404  - 5 

0 

0 

0 

- 0.100  - 4 

0 

0 

0 

- 0.215  - 4 

3.30  - 9 

3.07  - 9 

(22) 

3.07  - 9 

- 0.404  - 4 

4.95  - 8 

4.48  - 8 

(6) 

5.42  - 8 

- 0.100  - 3 

0.00  - 8 

6.60  - 8 

(5) 

5.66  - 8 

- 0.215  - 3 

3.07  - 8 

3.30  - 8 

(3) 

1.46  - 8 

4.24  - 9 

4.24  - 9 

(6) 

7.78  - 10 

Besides  the  neutrons,  the  photons  are  a major  contributor  to  the 
ionization  phenomenon  and  the  energy  deposition.  As  a result  of  a 
special  interest  to  the  EMP  community,  the  direction  of  the  project  was 
changed  to  investigate  the  sensitivity  of  the  above  two  phenomena  to  the 
perturbations  cited  earlier.  It  was  also  interesting  to  tally,  separate- 
ly, the  contributions  to  the  photon  energy  deposition  which  came  from 
low  and  high  energy  neutron  interactions  in  the  air  and  ground  respec- 
tively. These  four  components  were  computed  for  all  the  regions  shown 
in  Figure  2;  however,  only  samples  of  the  voluminous  amount  of  data  are 
presented.  Table  32  displays  the  contribution  in  regions  along  the  45° 
elevation  line  which  is  derived  from  the  low  energy  neutrons  (<0.111  MeV) 
in  the  ground.  Again  SAMCEP  is  in  good  agreement  with  the  SAM-CE  results. 
The  moisture  content  in  the  air  produces,  in  all  regions,  results  which 
are  approximately  30%  lower  than  the  dry  air  results.  Table  33  shows 
the  low- energy-air  component's  contribution  to  the  total  energy  deposi- 
tion in  the  regions  along  the  45°  elevation.  An  analysis  of  the  data  in 
the  two  tables  immediately  above  shows  that,  for  the  moist  air,  fewer 
neutrons  reach  the  ground;  however,  for  those  that  do,  the  conversion  to 
photons  via  absorption  is  quite  high  (ground  constituents  vs.  air  com- 
position). Also  the  presence  of  hydrogen  in  the  atmosphere  causes  the 
neutrons  to  slow  down  early  in  the  transport  cycle.  This  effect  is  re- 
flected in  Table  33  since  the  regions  close  to  the  source  show  a larger 
contribution  for  wet  than  for  dry  air  and  this  trend  reverses  as  one 
moves  away  from  the  source. 


45 


4 


TABLE  32.  Contribution  of  Low  linergy  Neutrons  in  the  Ground  to  the 
Photon  E.nergy  Deposition  Along  the  45°  Line 

linergy  Deposition  (eV/cm^- Source  Ncut . j 


Keg  ion 

SAM-CE 
(Dry  Air) 

SAMCEP 
(Dry  Air) 

(61 

SAMCEP 
o Moist  Air) 

1 

0. 

.19  - 

■ 8 

0.21  - 

8 

(14) 

0. 

16  • 

- 8 

6 

0. 

.27  - 

• 9 

0.25  - 

9 

(18) 

0. 

19  - 

- 9 

17 

0. 

.64  - 

■ 10 

0.86  - 

10 

(20) 

0. 

52  • 

- 10 

1 7 

0. 

,20  - 

■ 10 

0.23  - 

10 

(14) 

0. 

12  ■ 

• 10 

31 

0. 

.44  - 

11 

0.48  - 

11 

(10) 

0. 

34  - 

■ 11 

40 

0. 

.68  - 

• 12 

0.75  - 

12 

(5) 

0. 

49  - 

• 12 

48 

0. 

,14  - 

■ 12 

0.13  - 

12 

(17) 

0. 

99  - 

- 13 

TABLE  33.  Contribution  of  Low  Energy  Neutrons  in  the  Air  to  the  Pho- 
ton Energy  Deposition  Along  the  45°  Line 

•$ 

Energy  Deposition  (eV/cm  -Source  Neut.J 


Region 

SAM-CE 
(Dry  Air) 

SAMCEP 
(Dry  Air) 

SAMCEP 

(6%  Moist  Airj 

1 

0.12  - 

• 9 

0.17  - 

9 (22) 

0. 

.15  - 

- 9 

(26) 

6 

0.47  - 

• 10 

0.54  - 

10 

(18) 

0. 

,64  - 

■ 10 

(17) 

17 

0.15  - 

10 

0.17  - 

10 

(24) 

0. 

,25  - 

- 10 

( 16) 

22 

0.62  - 

11 

0.57  - 

11 

(15) 

0. 

.54  - 

- 11 

(23) 

31 

0.16  - 

• 11 

0.15  - 

11 

(15) 

0. 

.13  ■ 

- 11 

(11) 

40 

0.24  - 

■ 12 

0.25  - 

12 

(20) 

0. 

. 22  ■ 

■ 12 

(11) 

48 

0.49  - 

■ 13 

0.36  - 

13 

(20) 

0, 

. 36  • 

- 13 

(24) 
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Note  that  thi'  number  of  neutrons  prevented  from  reaching  the  ground 
by  the  moist  air  represents  only  a small  fraction  of  the  total  neutron 
population.  Therefore,  the  low-energy-air  component  is  affected  very 
little  by  the  presence  of  the  water.  This  result  is  demonstrated  in  the 
data  of  Table  33. 


fable  34  is  the  high-energy-ground  component  of  the  total  energy 
deposition  for  the  43°  elevation.  Since  the  high-energy-ground  compon- 
ent involves  neutrons  which  have  not  suffered  many  collisions,  the  re- 
sults for  both  the  dry  and  moist  air  should  be  about  the  same. 


TABLE  34.  Contribution  of  High  Energy  Neutrons  in  the  Ground  to 
the  Photon  Energy  Deposition  Along  the  45°  Line 


Energy  Deposition  (eV/cm^ -Source  Neut.J 


legion 

SAM-CE 
(Dry  Air) 

SAMCEP 
[Dry  Air) 

SAMCEP 

(6“o  Moist  Airj 

1 

0.13  - 9 

0.12  - 

9 [4) 

0.12  - 9 

6 

0.15  - 10 

0.12  - 

10  (12) 

0.11  - 10 

17 

0.53  - 11 

0.24  - 

11  (18) 

0.24  - 11 

->  ■> 

0.69  - 12 

0.55  - 

12  (21) 

0.54  - 12 

31 

0.10  - 12 

0.92  - 

13  (7) 

0.83  - 15 

40 

0.16  - 13 

0.14  - 

13  (12) 

0.15  - 13 

48 

0.22  - 14 

0.22  - 

14  (16) 

0.17  - 14 

The  remaining  component  for  the  energy  deposition  is  the  energy  de- 
posited by  photons  which  are  born  from  high  energy  neutrons  interacting 
with  the  air.  These  photons  are  generated  primarily  by  the  neutron  in- 
elastic scattering  events  with  nitrogen  and  oxygen.  Since  the  inelastic- 
thresholds  for  these  elements  are  well  above  the  average  neutron  energy 
of  the  degraded  source  spectrum,  one  would  not  expect  this  component  to 
be  very  sensitive  to  the  water  content  in  the  atmosphere.  The  results 
shown  in  Table  35  affirm  this  conclusion  in  that  the  transport  through 
wet  and  dry  air  is  essentially  the  same  except  at  extremely  deep  penetra- 
tions . 


TABU!  35.  Contribution  of  the  High  Energy  Neutrons  in  the  Atmosphere 
to  the  Photon  Energy  Deposition  Along  the  45°  Line 

Energy  Deposition  (eV/cm^ • Source  Neut.J . 


SAM-CE  SAMCEP  SAMCEP 


Reg  Lon 

(Dry 

Air) 

(Dry 

Air) 

(6%  Moist  Air) 

1 

0.29 

- 9 

0.49 

- 9 

(5) 

0.47  - 12 

b 

0.53 

- 10 

0.10 

- 9 

(4) 

0.92  - 10 

17 

0.14 

- 10 

0.26 

- 10 

(5) 

0.24  - 10 

■)  1 

0.43 

- 11 

0.76 

- 11 

(7) 

0.66  - 11 

3 i 

0 . 63 

- 11 

0. 15 

- 11 

(3) 

0.13  - 11 

40 

0.19 

- 12 

0.22 

- 12 

(5) 

0.18  - 12 

48 

0.29 

- 13 

0.33 

- 13 

(7) 

0.27  - 13 

As 

seen 

in  Table  35, 

the  results 

from  SAM -Cl 

E differ  from  those  ( 

SAMCEP  for  dry  air.  This  difference  can  he  explained  by  the  way  in 
which  SAM-CE  and  SAMCEP  represent  the  degraded  fission  source  spectrum. 
Although  SAM-CE  and  SAMCEP  have  the  same  input  source  spectrum,  they 
treat  the  numerical  representation  of  it  slightly  differently.  The  for- 
mer assumes  a decaying  exponential  between  the  increasing  energy  values, 
whereas  rhe  latter  assumes  a piecewise  constant  value  across  an  energy 
bin.  It  turns  out  that  the  high  energy  component  in  the  air  is  sensi- 
tive to  the  difference  in  representation  because  the  inelastic  scatter- 
ing thresholds  are  above  the  average  energy  of  the  source  and  the  cross 
sections  rise  very  rapidly  with  increasing  energy.  Because  of  the  two 
different  representations,  the  average  energy  of  the  spectrum  in  SAMCEP 
exceeds  the  average  energy  of  the  spectrum  as  represented  by  SAM-CE  by 
approximately  10%.  This  difference  could  account  for  some  of  the  dis- 
agreement between  the  SAM-CE  and  SAMCEP  results. 

4.2.2.  Neutron  Transport  Over  Dry  NTS  and  West  German  Soils. 

A brief  investigation  has  been  completed  to  assess  the  differences 
in  the  neutron  transport  in  an  air-over-ground  environment  for  which 
different  constituents  of  the  ground  are  considered.  In  the  discussion 
to  follow,  neutron  fluences  will  be  presented  as  a function  of  soil  type 
and  moisture  content  of  the  soil  for  the  degraded  fission  source  at  a 
100-metre  HOB.  Results  for  a dry  NTS  soil  and  a wet  and  dry  West  German 
terrain  will  be  compared.  The  dry  air  composition  is  given  in  Table  3; 
NTS  and  West  German  dry  soils  are  given  in  Table  4;  and  West  German  wet 
soil  is  stated  in  Table  5.  The  neutron  fluence  and  dose  are  given  in  a 
manner  similar  to  that  of  Section  4.2.1. 
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Tallies  3(i  and  37  show  the  results  for  Regions  1 and  (i  for  the  43" 
angle  of  elevation.  As  can  be  seen  in  the  data,  the  results  are  essen- 
tially the  same  for  these  two  regions  and  deviate  even  less  as  the  dis- 
tance along  the  45°  line  increases.  This  trend  is  as  expected  since 
one  would  not  expect  the  perturbations  in  the  ground  to  affect  the 
transport  high  into  the  atmosphere.  The  same  is  not  true  along  the 
ground  as  Tables  38-44  substantiate.  The  general  trend  of  the  data 
shows  that  at  the  higher  energy  levels,  differences  in  the  fluence  at 
all  ranges  are  not  significant,  whereas  in  the  lower  energy  bin,  at  in- 
termediate ranges,  variations  of  approximately  25%  occur.  The  following 
tables  tabulate  the  Rad-Si  and  Auxier-Snyder  tissue  dose  responses.  In 
general  the  differences  among  NTS  dry,  German  dry  and  German  wet  soils 
are  25%  or  less. 

The  total  neutron  energy  deposition  (eV/cm3*source  neutron)  for  the 
100-metre  HOB  case  has  also  been  calculated  and  the  results  are  reported 
in  Tables  46  and  47.  The  perturbations  again  consider  the  transport  over 
NTS,  German  dry  and  German  wet  soil.  The  atmosphere  has  no  moisture  con- 
tent for  this  case.  Results  are  presented  for  the  air  regions  directly 
over  the  ground  and  those  regions  at  a 45*  angle  of  elevation.  If  one 
compares  Table  46  with  Table  29,  it  is  immediately  evident  that  the 
moisture  content  in  the  air  causes  a larger  energy  deposition  for  the 
regions  along  the  ground  that  are  close  to  the  source.  For  a grounJ 
range  of  approximately  750  metres,  the  energy  depositions  become  approxi- 
mately equal  and,  at  the  longer  ranges,  the  moi-rure  content  in  the  soil 
gives  about  a factor  of  2 larger  deposition.  As  expected,  the  data  in 
Table  47  shows  that  the  composition  of  the  ground  has  little  effect  on 
the  transport  and  deposition  of  neutrons  for  short  distances  away  from 
the  air/ground  interface  and  at  higher  altitudes. 

The  results  for  the  subsequent  secondary  photon  energy  deposition 
show  that,  for  regions  in  the  air,  the  moisture  content  in  the  ground 
enhances  the  deposition  by  about  30  to  50  percent  for  ranges  out  to  ]u 
mfp.  These  results  are  shown  in  Tables  48  and  49. 

4 . 3 One-Metre  Height-of-Burst  Study 

SAMCEP  calculations,  similar  to  those  described  above,  have  been 
made  for  a one-metre  HOB  source  over  typical  German  soil.  Simultaneous 
perturbation  computations  are  treated  in  which  the  base,  or  unperturbed, 
calculation  is  dry  air  and  German  dry  soil.  Comparison  calculations  aia 
made  for  dry  NTS  and  German  wet  soils.  The  compositions  of  interest  m 
those  listed  in  Tables  3,  4 and  5. 

Tables  50  and  51  show  the  neutron  energy  deposition  in  regions  along 
the  air/ground  interface  and  along  the  45°  elevation  angle,  respective!. . 
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Energy  Dependent  Neutron  Fluence  in  Region  1 for  NTS  Dry 
German  Dry  and  German  Wet  Soils 

Neutron  Fluence  Vs.  Energy  (Neut/eV • cm" -Source  Neut.j 


1 

Fnergy  (eV) 

. 14995000E+08 

NTS  Dry 

German  Dry 

German  Wet 

■) 

. 2785E+07 

. 12210000E+08 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 2210E+07 

. 10000000E+08 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

4 

. 1813E+07 

. 81870000E+07 

3.77 

- 18  (1.05) 

3.77 

- 18  (1.06) 

3. 77 

- 18  (1.05) 

5 

. 1827E+07 

. 63600000E+07 

7.80 

- 18  (1.12) 

7.81 

- 18  (1.12) 

7.80 

- 18  (1.13) 

6 

. 1594E+07 

. 496O0000E+07 

1 .54 

- 17  (0.87) 

1.55 

- 17  (0.90) 

1.53 

- 17  (0.82) 

. 9000E+06 

. 40OO0000E+07 

1.85 

- 17  (1.34) 

1.86 

- 17  (1.39) 

1.83 

- 17  (1.22) 

8 

. 1054E+07 

. 301 00000E+07 

5.60 

- 17  (0.71) 

5.61 

- 17  (0.71) 

5.58 

- 17  (0.69 j 

9 

. 5460E+06 

. 24660000F.  + 07 

8.42 

- 17  (1.31) 

8.51 

- 17  (1.36) 

8.29 

- 17  (1.30) 

10 

. 1160E+06 

. 25500000E+07 

1.01 

- 16  (3.03) 

1.03 

- 16  (2.94) 

9.91 

- 17  (3.10) 

1 1 

. 5250E+06 

. 18270000E+07 

2.41 

- 16  (1.20) 

2.42 

- 16  (1.25) 

2.39 

- 16  (1.06) 

12 

. 7 1 90E+06 

. 1 1080000E+07 

3.51 

- 16  (1.10) 

3.56 

- 16  (1.14) 

3.46 

- 16  (1.08) 

13 

. 5578E+06 

. 55020000E+06 

7.89 

- 16  (1.03) 

8.04 

- 16  (1.17) 

7.68 

- 16  (0.94) 

14 

. 4391E+06 

. 11110000E+06 

1 .32 

- 15  (1.00) 

1.39 

- 15  (1.21) 

1.25 

- 15  (0.86) 

15 

. 1077E+06 

. 33550000E+04 

7.26 

- 15  (2.49) 

7.80 

- 15  (2.56) 

6. 85 

- 15  (2.22) 

10 

. 3355E+04 

. 25300000E-01 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

SO 


CABLE  37.  Energy  Dependent  Neutron  Fluence  in  Region  6 for  NTS  Dry, 
German  Dry  and  German  Wet  Soils 

2 

Neutron  Fluence  Vs.  Energy  (Neut/eV'cm  -Source  Neut . J 


Energy  (eV)  NTS  Dry  German  Dry  German  Wet 


1 

. 14995000E+08 
. 2785E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

. 12210000E+08 
. 2210E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 10000000E+08 
. 1813E+07 

1.94 

- 19  (5.70) 

1.94 

- 19  (5.70) 

1.94 

- 19  (5.70) 

4 

.81870000E+07 
. 1827E+07 

4.99 

- 19  (3.71) 

5.00 

- 19  (3.66) 

4.98 

- 19  (3.72) 

5 

. 63600000E+07 
. 1394E+07 

1.18 

- 18  (4.68) 

1.19 

- 18  (4.66) 

1.17 

- 18  (4.67) 

6 

. 49660000E+07 
. 9000E+06 

1.45 

- 18  (3.89) 

1.47 

- 18  (4.01) 

1.42 

- 18  (3.74) 

y 

. 40660000E+07 
. 1054E+07 

3.22 

- 18  (4.62) 

3.24 

- 18  (4.71) 

3.20 

- 18  (4.52J 

8 

. 30100000E+07 
. 5460E+06 

6.78 

- 18  (3.25) 

6.85 

- 18  (3.18) 

6 . 69 

- 18  (3.27) 

9 

. 24660000E+07 
. 1 160E+06 

1 .00 

- 17  (9.28) 

1.02 

- 17  (9.20) 

9.80 

- 18  (9.29) 

10 

. 23500000E+07 
. 5230E+06 

1.64 

- 17  (5.89) 

1.66 

- 17  (5.91) 

1.62 

- 17  (5.99) 

11 

. 18270000F.+07 
. 7190E+06 

3.57 

- 17  (3.55) 

3.62 

- 17  (3.64) 

5.51 

- 17  (3.52) 

12 

. 1 1080000E+07 
. 5578E+06 

8.84 

- 17  (2.81) 

9.03 

- 17  (2.72) 

8.57 

- 17  (2.98) 

13 

. 55020000E+06 
.4391E+06 

2.05 

- 16  (3.19) 

2.  10 

- 16  (3.05) 

1.97 

- 16  (3.24) 

14 

. 11 110000E+06 
. 1077E+06 

1 .07 

- 15  (5.11) 

1.15 

- 15  (4.64) 

9.89 

- 16  (5.51) 

15 

. 33550000E+04 
. 3355E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

16 

. 253Q0D00E-01 

l .Uil.l-  38.  Energy  Dependent  Neutron  Fluence  in  Key  ion  2 (subd.  65  j for 
NTS  Dry,  German  Dry  and  German  Wet  Soils 

2 

Neutron  Fluence  Vs.  Fnergy  (Neut/eV • cm"  -Source  N'eut . J 


Energy  leV) 


NTS  Dry 


German  Dry 


German  Wet 


1 

. 1 4995000E+08 
. 2785F+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

- 

. 12210000F+08 
. 2210E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

8 

. 1 OOQOOOOF+08 
. 1813R+07 

2.58 

- 19  (6.25) 

2.60 

- 19  (6.34) 

2.57 

- 19  (6 . 22 J 

1 

. 81870000F+07 
. 1827F.+07 

6.14 

- 19  (5.53) 

6.18 

- 19  (5.47) 

6.05 

- 19  (5.47) 

5 

. 63600000E+07 
. 1394E+07 

1 .26 

- 18  (5.76) 

1.28 

- 18  (5.75) 

1.24 

- 18  (5.93) 

0 

. 49660000E+07 
. 9000E+06 

1 .91 

- 18  (6.84) 

1.96 

- 18  (6.81) 

1.88 

- 18  (6.82) 

. 40660000E+07 
. 1054E+07 

3 . 68 

- 18  (3.92) 

3.80 

- 18  (4.22) 

3. 55 

- 18  (3.87) 

s 

. 301 00000E+07 
. 5460E+06 

8.06 

- 18  (4.43) 

8.37 

- 18  (4.48) 

7.62 

- 18  (.4.08) 

9 

. 24hO()000E+07 
. 116QE+06 

1.22 

- 17  (15.99) 

1.30 

- 17  (16.00) 

1 . 14 

- 17  (16.15 

10 

. 23500000E+07 
. 5230E+06 

1.79 

- 17  (4.94) 

1.84 

- 17  (5.18) 

1.74 

- 17  (4. “8 

1 1 

. 18270000E+07 
. 7 1 90E+06 

3.62 

- 17  (5.06) 

3.78 

- 17  (4.69) 

3.37 

- 17  (5.14) 

12 

. I 1 080000E+07 
. 5578E+06 

9.59 

- 17  (3.31) 

1.04 

- 16  (5.18) 

8.61 

- 1?  (3.52, 

18 

. 55020000E+06 
. 4391E+06 

2.00 

- 16  (3.45) 

2.48 

- 16  (4.13) 

1.64 

- 16  (3.44) 

14 

.111  1 000011+06 
. 1 077E+06 

9.31 

- 16  (8.26) 

1.28 

- 15  (8.35) 

7.24 

- 16  ( 6 . 6 5 i 

15 

. 33550000E+04 
. 3355E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0 . 00 

(0.00) 

1 6 

. 25300000E- 01 

TABl.i:  59. 


Energy  Dependent  Neutron  l-'luence  in  Region  3 for  NTS  Dry 
German  Dry  and  German  Wet  Soils 

2 

Neutron  Fluence  Vs.  Energy  (Neut/eV •cm" ‘Source  Neut.J 


Energy  (eV ) 

NTS  Dry 

German  Dry 

German  Wet 

1 

. 14995000E+08 
. 2785E+07 

0.00 

(0 . 00) 

0.00 

(0.00) 

0.00  (0.00) 

■> 

. 12210000E+08 
. 221 0E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00  (0.00) 

3 

. 1 0000000E+08 
. 1813E+07 

5. SO 

- 20  (6.79) 

5.51 

- 20  (6.79) 

5.50  - 20  (6.84 j 

4 

. 8 1 870000E+07 
. 1827E+07 

1.58 

- 19  (6.60) 

1.58 

- 19  (6.63) 

1.55  - 19  (6.59J 

5 

. h3b00000E+07 
. 1394E+07 

3.63 

- 19  (3.45) 

3.64 

- 19  (2.49) 

5.60  - 19  (3.55 1 

b 

. 49b60000F.  + 07 
. 9000E+06 

5.23 

- 19  (7.32) 

5.34 

- 19  (7.37) 

5.13  - 19  (7.41) 

. 40660000E+07 
. 1054E+Q7 

8.59 

- 19  (6.76) 

8.77 

- 19  (6.65) 

8.37  - 19  (7.01) 

8 

. 3010000 OE+07 
. 5460E+06 

2.23 

- 18  (5.68) 

2.29 

- 18  (5.56) 

2.14  - 18  (5.85) 

9 

. 24660000E+Q7 
. 1160E+06 

4.11 

- 18  (14.73) 

4.31 

- 18  (14.84) 

3.92  - 18  (14.87) 

10 

. 23500000E+07 
. 5230E+06 

4 .63 

- 18  (8.53) 

4.76 

- 18  (8.28) 

4.54  - 18  (8.78) 

1 1 

. 18270000E+07 
. 7190E+06 

9.63 

- 18  (5.64) 

9.94 

- 18  (5.65) 

9.18  - 18  (5.88) 

12 

. 11080000E+07 
. 5578E+06 

2.52 

- 17  (4.31) 

2.68 

- 17  (3.92) 

2.35  - 17  (4.80) 

13 

. 55020000E+06 
.4391E+06 

5.73 

- 17  (3.93) 

6.41 

- 17  (4.13) 

5.02  - 17  (3.87) 

14 

. 11110000E+06 
. 1077E+06 

3.10 

- 16  (6.81) 

3.66 

- 16  (7.22) 

2.66  - 17  (7.12) 

15 

. 33550000E+04 
. 3355F.+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00  (0.00) 

16 

. 25500000E-01 

53 


tabu:  to. 


Energy  Dependent  Neutron  Fluence  in  Region  4 (subdiv.  68 j 
for  NTS  Dry,  German  Dry  and  German  Wet  Soils 

9 

Neutron  Fluence  Vs.  Energy  (Neut/eV- cm^ • Source  Neut.j 


Energy  (eVJ 

NTS  Dry 

German  Dry 

German  Wet 

l 

. 1499S000F.+08 
. 2785E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

■> 

. 1 2210000E+08 
. 221 0E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 10000000E+08 
. 1813E+07 

1.62 

- 20  (28.44) 

1.62 

- 20  (28.44) 

1.62 

- 20  (28.44) 

4 

. 8 1870000E+07 
. 1827E+07 

5.19 

- 20  (18.49) 

5.19 

- 20  (18.48) 

5.16 

- 20  (18.49) 

5 

. 63600000E+07 
. 1394E+07 

9.71 

- 20  (12.39) 

9.72 

- 20  (12.22) 

9.82 

- 20  (12.69) 

b 

. 49660000E+07 
. 9000E+06 

1.58 

- 19  (18.74) 

1.62 

- 19  (18.36) 

1.53 

- 19  (19.33) 

. 40660000E+07 
. 1054E+07 

1 . 66 

- 19  (18.38) 

1.73 

- 19  (17.99) 

1.59 

- 19  (18.97) 

8 

. 30100000E+07 
. 5460F.+06 

5.19 

- 19  (10.25) 

5.18 

- 19  (10.39) 

5.02 

- 19  (10.78) 

9 

. 24660000E+07 
. 1 160E+06 

9.99 

- 19  (28.13) 

1.25 

- 18  (31.39) 

9.19 

- 19  (30.60) 

10 

. 23500000E+07 
. 5230E+06 

9.19 

- 19  (16.59) 

9.28 

- 19  (16.26) 

9.22 

- 19  (16.96) 

11 

. 18270000E+07 
. 7190E+06 

2.07 

- 18  (7.25) 

2.76 

- 18  (8.01) 

1.90 

- 18  (7.88) 

12 

. 1 1080000E+07 
. 5578E+06 

6.26 

- 18  (6.13) 

7.05 

- 18  (6.40) 

5 . 36 

>c 

00 

1 

1 3 

. 55020000E+06 
. 4391E+06 

1.40 

- 17  (6.49) 

1.66 

- 17  (8.54) 

1.13 

- 17  (6.02) 

14 

. 11110000E+06 
. 1077E+06 

5.96 

- 17  (10.17) 

7.03 

- 17  (8.08) 

4.46 

- 17  (11.98) 

15 

. 33550000E+04 
. 3355E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

16 

. 25300000E-01 

TABLE  41.  Energy  Dependent  Neutron  Fluence  in  Region  9 for  NTS  Dry, 
German  Dry  and  German  Wet  Soils 

? 

Neutron  Fluence  Vs.  Energy  (Neut/eVcm  -Source  Neut.J 


Energy  (eV) 

NTS  Dry 

German  Dry 

German  Wet 

1 . 14995000E+08 

. 2785F.+07 

0.00  (0.00) 

0.00  (0.00) 

0.00 

(0.00) 

2 . 12210000E+08 

. 2210E+07 

0.00  (0.00) 

0.00  (0.00) 

0.00 

(0.00) 

3 . 10000000E+08 

. 1813E+07 

2.51  - 21  (7.55) 

2.52  - 21  (7.46) 

2.50 

- 21  (7.88) 

4 . 81870000E+07 

. 1827E+07 

1.14  - 20  (7.53) 

1.14  - 20  (7.15) 

1.15 

- 20  (8.16) 

5 . 65600000E+07 

. 1394E+07 

2.61  - 20  (8.32) 

2.63  - 20  (8.12) 

2.60 

- 20  (8.33) 

6 . 49660000E+07 

. 9000E+06 

4.28  - 20  (4.45) 

4.31  - 20  (4.64) 

4.24 

- 20  (4.37) 

7 . 40660000E+07 

. 1054E+07 

4.08  - 20  (3.91) 

4.18  - 20  (4.27) 

4.03 

- 20  (3.57) 

8 . 30100000E+07 

. 5460E+06 

1.15  - 19  (6.38) 

1.18  - 19  (7.00) 

1.12 

- 19  (5.55) 

9 . 24660000E+07 

. 1160E+06 

2.61  - 19  (16.37) 

2.76  - 19  (18.78) 

2.43 

- 19  (13.17) 

10  . 23S00000E+07 
. 5250E+06 

3.03  - 19  (8.56) 

3.14  - 19  (7.44) 

2.96 

- 19  (8.40) 

11  . 18270000E+07 
. 7190E+06 

5.43  - 19  (4.12) 

5.64  - 19  (4.85) 

5.17 

- 19  (3.43) 

12  . 1 1080000F.+07 
. 5578E+06 

1.50  - 18  (4.12) 

1.56  - 18  (4.62) 

1.40 

- 18  (4.77) 

13  . 5S020000E+06 
.4391E+06 

4.15  - 18  (4.63) 

4.49  - 18  (3.82) 

3.80 

- 18  (5.54) 

14  . 11110000E+06 
.10 77E+06 

2.73  - 17  (3.38) 

2.46  - 17  (3.04) 

2.07 

- 17  (3.16) 

15  . 33550000E+04 
. 3355E+04 

0.00  (0.00) 

0.00  (0.00) 

0.00 

(0.00) 

16  . 25300000E-01 
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TABU  42.  Energy  Dependent  Neutron  Fluence  in  Region  10  (subdiv.  71 j 
for  NTS  Dry,  German  Dry  and  German  Wet  Soils 

2 

Neutron  Fluence  Vs,  Energy  (Neut/eV-cm  -Source  Neut . J 


Energy  ( eV j 

NTS  Dry 

German  Dry 

German  Wet 

1 

. 1 4995000F+08 
. 2785E+Q7 

0.00 

(.0.00) 

0.00  (0.00) 

0.00 

(0.00) 

■) 

. 1221000011+08 
. 22 1 0E+07 

0.00 

(0.00) 

0.00  (0.00) 

0.00 

(0.00) 

3 

. 1 0000000E+08 
. 1813F.+07 

1.80 

- 22  (66.44) 

1.80  - 20  (66.37) 

1.82 

- 22  (66.89) 

4 

. 81870000E+07 
. 1827E+07 

1.33 

- 21  (22.01) 

1.31  - 21  (21.25) 

1.22 

- 21  (18.91) 

5 

. 63600000E+07 
. 1 394E+07 

2.78 

- 21  (4.65) 

2.88  - 21  (6.17) 

2.56 

- 21  (5.55) 

0 

. 49600000E+07 
. 9000E+06 

5.20 

- 21  (9.04) 

5.34  - 21  (9.01) 

5.04 

- 21  (9.51 ) 

. 40600000E+07 
. 1054E+07 

3.12 

- 21  (8.16) 

3.24  - 21  (8.09) 

2.95 

- 21  (8.95) 

8 

. 301 OOOOOE+07 
.54O0E+06 

9.40 

- 21  (13.03) 

9.68  - 21  (6.12) 

8.44 

- 21  (13.56) 

9 

. 24660000E+07 
. 1160E+06 

1.29 

- 20  (29.70) 

1.57  - 20  (27.78) 

1.05 

- 20  (26.491 

10 

. 23500000E+07 
. 5230E+06 

1.75 

- 20  (17.95) 

1.87  - 20  (16.64) 

1 .66 

- 20  (19.46) 

1 1 

. 18270000E  + 07 
. 7 190E+06 

4.34 

- 20  (11.23) 

4.74  - 20  (10.33) 

3.75 

- 20  (11.11) 

12 

. 11080000E+07 
. 55”8E+06 

1.27 

- 19  (20.99) 

1.50  - 19  (23.85) 

1 .01 

- 19  (16.96; 

15 

. 55020000E+06 
.4591E+06 

2.90 

- 19  (10.05) 

3.18  - 19  (8.63) 

2.21 

- 19  (.12.44) 

14 

.111 10000E+06 
. 1077E+06 

1.30 

- 18  (24.24) 

1.93  - 18  (29.16) 

1.02 

- 18  (25.56) 

IS 

. 33550000E+04 
. 535SE+04 

0.00 

(0.00) 

0.00  (0.00) 

0.00 

(0.00) 

10 

. 25300000E-01 

TABL1:  43.  Energy  Dependent  Neutron  Fluence  in  Region  11  for  NTS  Dry, 
German  Dry  and  German  Wet  Soils 


Neutron  Fluence  Vs. 

2 

Energy  (Neut/eV-cm 

•Source  Neut . ) 

Energy  (eV) 

NTS  Dry 

German  Dry 

German 

Wet 

1 

. 14995000E+08 
. 2785E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

■> 

. 12210000E+08 
. 2210E+07 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

3 

. 10000000E  + 08 
. 1813E+07 

7.50 

- 23  (19.53) 

7.50 

- 23  (19.72) 

7.52 

- 23 

(20.15) 

4 

. 8 1870000E  + 07 
. 1827E  + 07 

2.57 

- 21  (12.67) 

2.56 

- 22  (12.66) 

2.53 

- 22 

(15.41) 

5 

. 63600000E+07 
. 1394E+07 

7.96 

- 22  (9.91) 

8.06 

- 22  (10.06) 

7.84 

- 22 

(10.12) 

6 

. 49660000E+07 
. 9000E+06 

1 .62 

- 21  (13.51) 

1.68 

- 21  (13.84) 

1.55 

- 21 

(13.60  J 

. 40660000E+07 
. 1054E+07 

7.61 

- 22  (8.35) 

7.92 

- 22  (7.40) 

7.09 

- 22 

(9. Ill 

8 

. 301 OOOOOE+07 
. 5460E+06 

2.38 

- 21  (4.96) 

2.  39 

- 21  (4.49) 

2.32 

- 21 

(7.40) 

9 

. 24660000E  + 07 
. 1160E+06 

3.73 

- 21  (21.88) 

3.89 

- 21  (22.40) 

3.43 

- 21 

(22.84) 

10 

. 23500000E+07 
. 5230E+06 

5.36 

- 21  (13.38) 

5.54 

- 21  (12.69) 

4.97 

- 21 

(16.77) 

11 

. 18270000E+07 
. 7190E+06 

9.69 

- 21  (17.48) 

1.00 

- 20  (18.48) 

9.11 

- 21 

(16.19) 

12 

. 1 1080000E+07 
. 5578E+06 

2.45 

- 20  (10.22) 

2.60 

- 20  (9.20) 

2.29 

- 20 

(11.22) 

13 

. S5020000E+06 
.4391E+06 

6.26 

- 20  (7.38) 

7.09 

- 20  (7.62) 

5.41 

- 20 

(6.69) 

14 

. 1 1110000E+06 
. 1 077E+06 

3.22 

- 19  (7.15) 

3.72 

- 19  (8.45) 

2.74 

- 99 

(4.67) 

1 5 

. 35550000E+04 
. 3555E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

lb 

. 25300000E-01 
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1 Mill  14.  Energy  Dependent  Neutron  Eluence  in  Region  12  lor  NTS  Dry, 
German  Dry  and  German  Wet  Soils 

2 

Neutron  Eluence  Vs.  Energy  (Ncut/eV • cm" •Source  Neut . ) 
Energy  ( eVJ  NTS  Dry  German  Dry  German  Wet 


1 

. 14995000E+08 
.278511+07 

0 . 00 

(0.00) 

0 . 00 

(0.00) 

0.00 

(0.00) 

- 

. 12210000E+08 
. 22 10H+07 

0.00 

CO. 00) 

0.00 

(0.00) 

0.00 

(0.00) 

5 

. 1 OOOOOOOE+08 
. 181511+07 

1.50 

- 25 

(35.56) 

1.50 

- 23 

(35.56) 

1 .50 

- 23  ( 

35 . 5(» 

■1 

.8187000011  + 07 
. 182711  + 07 

5.07 

- 23 

(17.99) 

5. 00 

- 23 

(18.10) 

5.13 

- 23  l 

18. 19 

. 63600000E+07 
. 1594E+07 

1 .44 

- 22 

(17.68) 

1.45 

- 22 

(17.75) 

1.41 

“ J J ( 

U>.  << 

. 49660000E+07 
. 9000E+06 

5 . 36 

_ 99 

(12.62) 

3.45 

- 22 

(12.39) 

3.28 

- 22 

1J  . ' _ 

. 40660000E+07 
. 105411+07 

2 . 55 

9 9 

(17.09) 

2.52 

99 

(18.40) 

2.14 

s 

.5010000011  + 07 
. 5460E+06 

5 . 25 

- 22 

(18.66) 

3.31 

- 22 

(18.61 ) 

3.15 

- w — l 

22 

9 

. 24O60000E+07 
. 1 160E+06 

1 .27 

- 21 

(31.95) 

1.29 

- 21 

(31.78) 

1.25 

- . 1 

51  . • l 

10 

25500000E+07 

.525011+06 

1.24 

- 21 

(31.31) 

1.25 

- 21 

(30.90) 

1.25 

- 21  ( 

3 . *•) 

1 1 

. 1827000011+07 
.719011+06 

1 .67 

- 21 

(29.85) 

1.74 

- 21 

(26.59) 

1.62 

- 21 

55.(4  1 

j ■> 

. 1 1 080000F1+07 
. 557811+06 

3.74 

- 21 

(17.05) 

4.00 

- 21 

(17.06) 

3 . 38 

- 21  * 

1 ■ 1 . • ^ 

1 5 

. 55020000F+06 
. 459111+06 

8.15 

- 21 

(10.26) 

9.50 

- 21 

(14.07) 

7.31 

- 21  (9.01 

14 

.111  1000011  + 06 
. 107711  + 06 

6.41 

- 20 

(23.54) 

6.62 

- 20 

(24.48) 

5.51 

- 20  l 

29.01 

1 5 

. 55550000E+04 
. 3355E+04 

0.00 

(0.00) 

0.00 

(0.00) 

0 . 00 

(0.00) 

16  . 253000001:- 0 1 
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TABI.li  4<>.  Total  Neutron  Energy  Deposition  (HOB  = 100m)  in  Air  Region 
Directly  Over  the  Ground 


Neutron 

i Energy  Deposition  (eV/cm 

2 

•Source  Neut . 

) 

Region 

NTS 

9lL 

German  Dry 

German 

Wet 

1 

1.89 

- 8 

1.89  - 8 (<1) 

1.89  - 

8 

2(65) 

2.07 

- 9 

2.26-9  (4) 

1.83  - 

9 

3 

5.85 

- 10 

6.22  - 10  (4) 

5.28  - 

10 

4(68) 

1.29 

- 10 

1.54  - 10  (9) 

1.13  - 

10 

9 

3 . 54 

- 11 

3.54  - 11  (4) 

3.30  - 

11 

10(71) 

1 .96 

- 12 

2.02  - 12  (13) 

1.84- 

12 

1 1 

6.  03 

- 13 

6.42  - 13  (10) 

5.50  - 

13 

1 2 

7.61 

- 14 

7.72  - 14  (18) 

7.29  - 

14 

13 

l .72 

- 14 

1.81  - 14  (39) 

1.63  - 

14 

TABLE  47. 

Total 

Neutron 

Energy  Deposition  (HOB  = 

100m)  in  Air  Regions 

at  45 

° Angle  of  Elevation 

Neutron 

2 

Energy  Deposition  (eV/cm 

•Source  Neut.) 

Region 

NTS 

Dry 

German  Dry 

German 

Wet 

1 

1 .88 

- 8 

1.98  - 8 (<1) 

1 . 89 

- 8 

6 

1.92 

- 9 

1.95  - 9 (3) 

1.85 

- 9 

17 

3.40 

- 10 

3.40  - 10  (4) 

3.21 

- 10 

1 1 

7.00 

- 11 

7.14  - 11  (6) 

b . 74 

- 11 

31 

9.20 

- 12 

9.20  - 12  (5) 

8.96 

- 12 

40 

6.57 

- 13 

6.74  - 13  (6) 

6 . 57 

- 13 

48 

4.19 

- 14 

4.45  - 14  (15) 

3 . 93 

- 14 

60 


T 


TABLE 

48.  Secondary  Photon  Energy  Deposition  (HOB  = 
Regions  Directly  Over  the  Ground 

100m) 

in 

Ai  r 

Secondary  Photon 

3 

Energy  Deposition  (eV/cm  .Source  Neut . J 

Regions 

NTS 

Dry 

German 

: Dry 

German  Wet 

1 

4.43 

- 9 

3.21  - 

9 (7) 

6 

.60  - 9 

2 (subdiv.  65)  8.11 

- 10 

5.85  - 

10  (11) 

9 

.43  - 10 

3 

2.26 

- 10 

9.24  - 

11  (10) 

2 

.64  - 10 

4 (subdiv.  68)  5.50 

- 11 

4.20  - 

11  (9) 

6 

.79  - 11 

9 

1.98 

- 11 

1.49  - 

11  (9) 

2 

.00  - 11 

10  (subdiv.  71)  2.85 

- 12 

2.43  - 

12  (10) 

2 

.22  - 12 

1 1 

7.99 

- 13 

6.81  - 

13  (8) 

7 

.60  - 13 

12 

1.82 

- 13 

1.93  - 

13  (8) 

1 

.93  - 13 

13 

5.35 

- 14 

5.44  - 

14  (13) 

5 

.17  - 14 

TABLE 

49.  Secondary  Photon  Energy  Deposition  (HOB  = 
Regions  at  45°  Angle  of  Elevation 

100m) 

in 

Ai  r 

Secondary  Photon 

Energy  Deposition  (eV/cm^ 'Source  Neut.) 

Regions 

NTS 

Dry 

German  Dry 

German  Wet 

1 

4.43 

- 9 

3.21  - 

9 (7) 

6. 

60  -9 

6 

4.72 

- 10 

3.77  - 

10  (6) 

6. 

60  - 10 

17 

9.43 

- 11 

8.87  - 

11  (9) 

1. 

26  - 10 

22 

3.37 

- 11 

2.69  - 

11  (10) 

4. 

04-11 

51 

7.07 

- 12 

5.66  - 

12  (8) 

8. 

25  - 12 

40 

8.94 

- 13 

7.31  - 

13  (10) 

9. 

70  - 13 

48 

2.23 

- 13 

1.83  - 

13  (11) 

2 _ 

36  - 13 
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TABI.I:  50.  Neutron  Energy  Deposition  (HOB  = lmj  in  Air  Regions  Along 
the  45°  Line 

Neutron  Energy  Deposition  (eV/cm3-Source  Neut.j 


Regions 

NTS  Dry 

German  Dry 

German 

Wet 

1 

1.51  - 8 

1.61  - 8 (1) 

1. 

32  - 

8 

0 

1.07  - 9 

1.19  - 9 (3) 

9. 

43  - 

10 

17 

1.87  - 10 

2.07  - 10  (4) 

1 . 

68  - 

10 

7 7 

3.77  - 11 

4.04  - 11  (4) 

3. 

37  - 

11 

51 

5.42  - 12 

5.66  - 12  (4) 

4. 

95  - 

12 

40 

3.87  - 13 

4.04  - 13  (10) 

5 . 

70  - 

13 

48 

3.54  - 15 

3.54  - 13 

3. 

54  - 

13 

TABLE 

51  . 

Neutron  Energy 

Deposition  (HOB  = 

lmj  in  Air  Regions 

Directly  Over 

the  Ground 

Neutron 

Energy  Deposition 

(eV/cm"3  .Source 

Neut . ) 

Reg i on 

NTS  Dry 

German  Dry 

German 

Wet 

1 

1.51  - 8 

1.61  - 8 (1) 

1 

.32 

- 8 

2 (subdiv. 

65] 

1.79  - 9 

2.07  - 9 (3) 

1 

.57 

- 9 

.*> 

4.34  - 10 

5.09  - 10  (4) 

3 

- 10 

4 (subdiv. 

68) 

1.13  - 10 

1.29  - 10  (7) 

8 

.89 

- 11 

9 

2.36  - 11 

2.59  - 11  (4) 

2 

. 10 

- 11 

10  (subdiv. 

71) 

2.02  - 12 

2.43  - 12  (12) 

i 

.78 

- 12 

1 1 

4.19  - 13 

4.45  - 13  (9) 

3 

.67 

- 13 

12 

8.15  - 14 

8.47  - 14  (20) 

n 

.50 

- 14 

13 

1.45  - 14 

1.72  - 14  (36) 

i 

27 

- 14 

r 


From  Table  50  we  see  that  the  results  are  essentially  unchanged  by 
soil  composition  although  there  is  an  indication  that  the  energy  deposi- 
tion for  German  dry  soil  (least  hydrogen  in  the  ground!  is  slightly 
higher  than  for  the  other  two  cases  and  that  the  energy  deposition  for 
the  German  wet  soil  case  (most  hydrogen  in  the  soil]  is  slightly  lower 
than  for  the  other  two  cases.  Tahle  51  (along  the  interface)  shows  the 
trend  even  more  clearly.  These  differences  were  actually  shown  by  the 
SAMCEP  printout  (with  uncertainties  in  the  differences)  to  be  statisti- 
cally real.  Nevertheless,  the  hydrogen  content  of  the  soil  clearly  does 
not  significantly  affect  the  neutron  energy  deposition  in  air. 

5.  CONCLUSION 

A number  of  coding  developments  have  been  performed  to  effect  a ma- 
jor upgrading  of  the  SAMCEP  system  for  the  quantitative  evaluation  of 
cross  section  uncertainties  on  radiation  transport.  The  principal  de- 
velopment of  this  modernization  of  the  system  has  been  the  implementa- 
tion of  a secondary-gamma  capability.  Thus,  sensitivity  studies,  here- 
tofore limited  to  evaluating  effects  of  neutron  cross  section  uncer- 
tainties on  neutron  transport,  can  now  be  extended  to  include  subsequent 
effects  upon  gamma  transport  of  uncertainties  in  neutron  as  well  as 
gamma  production  data. 

Using  the  neutron-gamma  SAMCEP  system,  a series  of  problems  have 
been  solved.  An  important  conclusion  to  be  drawn  from  the  results  of 
these  calculations  is  that  the  SAMCEP  system  is  yielding  correct  re- 
sults, as  indicated  by  comparison  and  agreement  with  independent ly  ob- 
tained solutions,  using  the  SAM-CE  system.  Moreover,  comparable  sta- 
tistics were  obtained  3 to  4 times  more  efficiently  using  SAMCEP  than 
would  have  been  possible  by  performing  independent  and  uncorrelated 
analyses . 
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